INSTALLATION

Westinghouse 1.L. 41-137.3D
OPERATION e MAINTENANCE

INSTRUCTIONGS

TYPE KRD-4 DIRECTIONAL OVERCURRENT
GROUND RELAY

CAUTION: Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The KRD-4relay is ahigh speeddirectional over-
current relay whichis used for the protection of trans-
missionlines and feeder transmissionlines and feeder
circuits. These relays aredual polarizedrelays which
can be polarized from a potential source, from a local
ground source, or from both simultaneously.

They are also used, without modificationsfto pro-
vide directional ground fault protection in4the KD-4
carrier relaying scheme. Operation of theéyrelays in
connection with the carrier scheme is fully described
in I.LL. 41-911.

CONSTRUCTION

The type KRD-4 directional@evereurrent ground
relay consists of a dual polarized ‘directional unit,
an instantaneous overcurrentfunity and an indicating
contactor switch. The principalparts of the relay and
their location are shown in Fig: 1 to 3.

A. DIRECTIONAL UNLT (D)

The directionalunitsof the KRD-4 consists of an
induction cylinder unit, phase shifting network, and
a de-coupling network.

1. Induction Cylinder Unit

The cylinder unit is a product type in which tor-
que 4s produced by the phase relationship of an oper-
ating flux and a polarizing flux on an aluminum cylin-
derisupporting a moving contact arm. A contact open-
ing™torque or a contact closing torque is produced
depending upon the phase relationship between the
two fluxes.

SUPERSEDES I.L. 41-137.3C

*Denotes change from superseded issue.

The cylinder unit gonsistshof three basic assem-
blies: an electromagnet @ssembly, a moving element
assembly, and a stationaryfclosing assembly.

The electromagnetdassembly consists of an elec-
tromagnet, an adjustable magnetic core, two magnetic
adjusting plugs;, lower bearing pin, and a die-casted
aluminum frame. The moving element assembly con-
sists,of ‘a S§piral spring, contact carrying member, and
an aluminumcylinder which is assembled to a molded
hub which“holds the shaft. The shafthas removable
top, and bottom jewel bearings. The stationary con-
tactWassembly consists of a molded bridge, upper
bearing pin, stationary contact housing and spring
adjuster is located on the underside of the bridge
and is held in place by a spring type clamp. It is
attached to the moving contact arm by a spiral spring.

The electromagnet has four poles, two operating
poles and two polarizing poles. Each pair of poles

are diametrically opposite each other and are excited
by series connected coils. (Two sets of series con-
nected coils are used to excite the polarizing poles,
one set for current polarizing and the other set for
voltage polarizing). The electromagnetis permanently
mounted to the frame in such a manner that an air
gap exists between the pole faces of the electromagnet
and the magnetic core. The aluminum cylinder of the
moving element assembly rotates in this air gap on
the upper and lower pin bearing.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, then the moving contact, through the spiral
spring out to the spring adjusted clamp.

2. Phase Shifting Network

The phase shiftingnetwork consists of a resistor,
capacitor and reactor in the polarizing circuit of the
directional unit, and a saturable shunt in the oper-
ating circuit.

3. De-Coupling Network

The de-coupling @aietwork consists of an air gap
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transformer, capacitor, reactor, and resistor. Elec-
trically this network is equivalent to the polarizing
circuit of the induction cylinder unit and is utilized
to minimize the coupling between the current and
potential polarized sources.

B. INSTANTANEOUS OVERCURRENT UNIT (I)

The instantaneous overcurrent unit consists of an
induction cylinder unit, capacitor, varistor, and a
transformer. The components are connected such that
a contact closing torque is produced when the current
exceeds a specified value.

1. Cylinder Unit

The cylinder unitis similar in construction to the
cylinder unit of the directional unit except that all
coils are similar. The phase relationship of the two
air gap fluxes necessary for the development of tor-
que is achieved by means of a capacitor connected
in series with one pair of pole windings.

2. Transformer

The transformer is a saturating type consisting
of a tapped primary winding and a secondary wind-
ing. A varistor is connected across the secondary,
winding to reduce the voltage peaks applied to the
cylinder unit and phase shifting capacitor.

C. INDICATING CONTACTOR SWITCH (ICS)

The indicating contactor switch is a small (d-c
operated clapper type device. A magnetic¢ armature
to which leaf-spring mounted contacts age attached,
is attracted to the magnetic core upon energization
of the switch. When the switch c¢loses), the moving
contacts bridge two stationary contaets, completing
the trip circuit. Also during this gperation"two fingers
on the armature deflect a spring‘located on the front
of the switch, which allowss#the operation indicator
target to drop. The target isireset from outside of the
case by a push rod loegatedyat the*bottom of the cover.

The front spring, i addition to holding the tar-
get, provides restraintyforsghe armature and thus con-
trols the pickup value of“the switch.

ORPERATION

The type KRD-4 relay is connected to the pro-
tected gransmission line as shown in Fig. 4. In such
a connectién; the relay operates to disconnect the
linéxfer ‘ground faults of a definite magnitude that are
flowing in a specified direction.

The directional unit of the relay compares the
phase angle between the fault current and the pelari-
zing quantities of the system and either produces a
contact closing torque for faults in the trip direction
or produces a contact opening torque for faults in the
non-trip direction. Relay operation occurs when both
the directional unit and the instantanegus overcurrent
unit close their contacts. Hence, ghegfault current
must be greater thanthe tap settingof the®vercurrent
unit.

For faults in the nonzrip (diréction, a contact
opening torque is produced by the directional unit
such that the normally clesed contact of this unit
shorts out a pair of windings on the overcurrent unit.
This prevents the overcurrent unit from developing
torque to close dtshcontacts. For faults in the trip
direction, the direetional unit will pickup and re-
move this shortycireudt, allowing the overcurrent con-
tact to_ commence closing almost simultaneously
with theidiréetional contact for high speed operation.

GHARACTERISTICS

Thewrelays are available in the following current
ranges:

Range Taps
0.5-2 Amps. 0.5 0.75 1.0 I.F.S 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
4-16 4.0 6.0 8.0 9.0 12 16
10-40 10 15 20 25 30 40

The tap value is the minimum current required to
just close the overcurrent relay contacts. For pickup
settings in between taps refer to the section under
SETTINGS.

The KRD-4 relay is designed for dual polarizing
and can be polarized from a potential source, a local
ground source or from both simultaneously. When the re-
lay is potential polarized, the maximum torque of the
relay occurs when the operating current lags the
polarizing voltage by approximately 65 degrees. When
the relay is current polarized, the maximum torque of
the relay occurs when the operating current is in
phase with the polarizing current.

TIME CURVES

The time curves for the KRD-4 relay are shown
in Fig. 5 and 6. Fig. 5 includesthree curves which
are:
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1. Directional Unit opening times for current,
voltage, or dual polarized.

2. Directional unit closing times for current,
voltage or dual polarized.

3. Directional unit closing time for 5 volts
voltage polarized.

Fig. 6 shows the instantaneous overcurrent unit
closing time.

The voltage polarized curve (curve B in Fig. 5)
begins to deviate from curve A at about 10 volts
polarization.

Both the directional unit and the overcurrent unit
must operate before the trip circuit can be completed.
Hence, the unit which takes the longer time to oper-
ate determines when the breaker will be tripped. The
overcurrent unit contacts cannot operate until the
back contacts of the directional unit open; therefore,
the total time for the overcurrent unit to operate is
its closing time given in Fig. 6 plus the directional
unit’s openingtime given in Fig. 5. The total closing
time for the directional unit is given in Fig. 5. The
two examples below will serve to illustrate the use
of the curves.

(Example One) definition of symbols aregshown
on Fig. 5.

let: Ipo) = 1.5 amp.
Iop =3 amp
tap value (T) = 0.5 amp.
g =0°
for a current polarized relay:

I4plpo) COs @

x MPPi=
0.95
(3) (1.5)
* MPRy: 4 =
0.25

Entering theycurves in*Fig. 5 at multiples of product
pickup of£18 the directional unit opening time is 4
ms, and ‘the elosing’time for this unit is 33 ms.

For the overcurrent unit: I
. . op
multiples of pickup :T

3 p—
“05 ©
Entering the curve in Fig. 6 at multiples of pickup
equal to 6 the closing time for the overcurrent is 14

ms.However,the total operating time for the overcurrent

unitis 14 plus4 ms, which is the openingtime of/back
contacts of the directional unit,or 18 msftotaleperating
time for the overcurrentunit. The total ‘Qperating time
for the directional unit is 33 ms; and since this is
the longest time, 33 ms is the total operating time of
the relay.

(Example Two)

let: Ipo) = 15 amp

Iop = 25 amp
T (tap) = "1hamp:
g=0
Ioplpol cos @
MPP z— ——————
0.25
MPP = 1500

referring to Fig. 5 the directional unit closing time
15,8 ms, and the opening time of its back contacts is
3 ms. The total operating time for the directional
unit is 8 ms.

For the overcurrent unit:
) ) Top
multiples of pick up :T—

=25

referring to Fig. 6 the overcurrent unit contact clos-
ing time is 10 ms. Therefore, the total operating time
for this unit is 10 + 3 ms or 13 ms. In this case the
total operating time of the relay is 13 ms.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in contacts of the indi-
cating contactor switch will safely carry this current
long enough to trip a circuit breaker.

The indicating contactor switch has a pickup of
approximately 1 ampere. Itsd-cresistanceis 0.1ohms.

Cylinder Unit Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set screw in each stationary contact has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.
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* TABLE I

DIRECTIONAL UNIT SENSITIVITY

TABLE Il

DIRECTIONAL UNIT CALIBRATION

Relay Current Both Plugs Id
— Rating Amperes Condition Adjéstment
Polarizing Quantity | Values for Min. Pickup Phase. Angl-e All Ranges 80 Spurious torque ifi'€on-| Right (front view
Volts Amperes 1’ Relationship tact closing direction | WPlug Screwed out
— — i (left front view) | until spurious tor-
VOLTAGE 1 0.7 I lagging V by 65° _ que is reversed.
i 1 15 I In Phase withV All Ranges 80 Spurious tofgue in I Left (front view)
—— - contaét opening di- | Plug screwed out
CURRENT 0.5 B In-phase rection (Right front . until spurious tor-

The energization quantities are input quantities at
. Maximum torque angle.

the relay terminals

view) WContact
remain Open)

que is in contact
{ closing directions.
' Then the plug is
screwed in until

spurious torque is

{ reversed.

r 2z 3
x V) €c.
1 . Pos—yg-25 T 00 y DENCE umben CuaRy
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Fig. 4. External Schematic



" TYPE KRD-4 DIRECTIONAL OVERCURRENT

GROUND RELAY

l.L. 41-137.

SETTINGS

Overcurrent Unit (I)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-
nector screw in the desired tap, the relay will just

For carrier relaying the carrier tri \Qent
unit located in the type KRD-4 relay ould) be set
higher than the carrier start overcurren it"located

in thetype KA-4 relay at theopposite end of the line.

connec’or screw car-
hat the screw is

CAUTION: Since the tap blo
ries operating current, be

close its contacts at the tap value current.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the springas described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and bur-

turned tight.

In order to avoid @the current transformer
circuits when chan under load, connect the
n th esired tap position before

screw from the original tap

spare tap screw

removing the

den. position.
ENERGY REQUIR N
BURDEN DATA OF OPERATING CURRE CUIT - 60 CYCLES
AMPERE TAP VA AT TAP NGLE VA AT 5 AMPS P.F. ANGLE

RANGE VALUE 1] /]
.5 .23 54° 47 52°

.15 .52 54° 36 52.5°
1.0 54° 31 53°

.5-2 1.25 54° 28 53.5°
1.5 7 54° 26.5 54°
2.0 54° 24 55°
1.0 "3 52° 31.5 51°

1.5 2.85 52° 27.3 51.5°
2.0 r's 5.2 52° 25.0 52°

1-4 2.5 T7.75 52° 24.2 52.5°
3.0 11.4 52° 23.8 53

10.6 52° 23.3 53.5°
4 5.6 43° 61071 53°
10.8 46° 5707 54c°
8 17.6 47° 5607 54°
4-16 9 22.5 48° 5501 55°
12 39.5 50° 5501 56°
16 69 52° 5501 56°
10 28 49° 545t 50°
15 61 51° 540t 51°
10-40 20 108 53° 53571 52°
¢ 25 169 54° 530t 53°
30 252 56° 5257 53°
40 432 57° 52571 53°

t VA at 50 Amperes.
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DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

. POWER FACTOR
CIRCUIT RATING VOLT AMPERESA ANGLE ¢
Current 2301t 1.20 3° Lag
amperes
Voltage 20811t 21.0 28° Lead
volts

@ Degrees current leads or lags voltage at 120 volts on voltage polarizedyunits
and 5 amperes on current polarized units.

/A Burden of voltage polarized unit taken at 120 volts. Burden of currépt polar-

ized units taken at 5 amperes.

tt One second rating.

t11 30 second rating. The 10 second rating is 345 volts. Bhe“eontinuous rating

is 120 volts.

Directional Unit (D)

No setting is required.

INSTALLATION

The relays should be mounted on switchboard
panels ortheir equivalent in a location free from dirty
moisture, excessive vibration and heat. Mount the re-
lay vertically by means of the two mounting studs
for projection mounting or by means of the four mount-
ing holes on the flange for the semi-flush niounting.
Either of the studs or the mounting sérewsamay/be
utilized for grounding the relay. The electrical con-
nections may be made directly to,thé¥terminals by
means of screws for steel panel mounting“er to ter-
minal studs furnished with the red@y forathick panel
mounting. The terminal studs may . be easily removed
or inserted by locking two nauwts, on®the studs and
then turning the proper nut withfa Wrench.

For detailed informationyreferto I.L. 41-076.

ADJUSTMENTS, AND” MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Up-
on receipt of the rélay, no customer adjustments,
other than those covered under ‘‘SETTINGS,’’ should
be required.

Acceptance™Check

The following check is recommended to insure
that“therelay is in proper working order.

Overcurrent Unit (1)

1."“€ontact Gap - The gap between the stationary
and moving contacts with the relay in the de-
energized position should be approximately
.020.”

2. Minimum Trip Current - The normally-closed
contact of the directional unit should be
blocked open when checking the pick-up of
the overcurrent unit.

The pick-up of the overcurrent unit can be
checked by inserting the tap screw in the
desired tap hole and applying rated tap value
current. The contact should close with +5% of
tap value current.

Directional Unit (D)

1. Contact Gap - The gap between the stationary
contact and moving contact with the relay in
the de-energized position should be approxi-
mately .020.”’

2. Sensitivity - The respective directional units
should trip with value of energization and
phase angle relationships as indicated in
Table 1.

% 3. Spurious Torque Adjustments — There should
be no spurious closing torques when the oper-
ating circuits are energized per Table 2.

4. Coupling - Apply 20 amperes to terminals 6
and 7. Measure voltage acrossterminals 4 and
5. Should be less than 20 volts.
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85
KRD—-4 RELAY
o0 \ TYPICAL OPERATING TIMES
\ FOR P°TE'”“;L ”2'5:?':‘5206’ DIRECTIONAL UNIT CLOSING AND
wpp = _POL-OP 273 (7P 0"0.65 OPENING TIMES
FOR CURRENT POLARIZED
Tpgy Top COS (@)
% wpp » —EQLZQP " T
\ FOR DUAL POLARIZED
—EpoLIop COS(8-60°) | Ipo IgpCOS(#)
\ \ MPP 0.65 + 0.25
. :
a \
zZ \
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4 \ Tpg =POLARIZING CURRENT
i \ Iop:OPERATING CURBENT
3 N\ © = ANGLE BY WhIGH Top LAGS EpoL
% N # < ANGLENBY WHIICH 1gp LAGS Ipgp
z N
: AN
: .
DIRECTIONAL UNIT CLOSING TIMES PN ===
(A} CURRENT, VOLTAGE,OR DUAL POLARIZED- //V/
(B) 5 VOLT VOLTAGE POLARIZED — ] N
| 1 [] RS
10 [~
DIRECTIONAL UNIT OPENING TIMES ~——
~ _]-+CURRENT,VOLTAGE, OR DUAL POLARIZED|
\Q:_..
]
? 34 s 678900 2 30 40 50560 s 100 00 300 400 600 800 1000 2000 3000 5000
MULTIPLES ,OF PRODUCT PiCKUP 763A03)+
Fig. 5. Typical Timef Curves for the Directional Unit.
60
KRD-4 RELAY
TYPICAL OPERATING TIMES
INSTANTANEOUS OVERCURRENT UNIT
CLOSING TIMES
50 1
8 a0
z
o
o
w
@
3
2 0 \
=
z
w
- \
- 20 AN
’\\‘—\
10

2 3 4 L] € T 8 9 10 20 3o 40 50

MULTIPLES OF PICKUP

T63A035
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Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be be-
tween 1 and 1.2 amperes. Theindicator target should
drop freely.

The contact gap should be approximately 5/64"’
between the bridging moving contact and the adjus-
table stationary contacts. The bridging moving con-
tact should touch both stationary contacts simul-
taneously.

ROUTINE MAINTENANCE

All relays should be inspected periodically and
the operation should be checked at least once every
year or at such other time intervals as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing is not recommended because of the danger of em-
bedding small particles in the face of the soft silver
and thus impairing the contact.

Calibration

Use the following procedure for calibratingfthe
relay if the relay has been taken apart for repairs/or
the adjustments have been disturbed. This pfocedurée
should not be used unless it is appdpent that the
relay is not in working order. (See ZA¢eceptance
Check’’).

Overcurrent Unit (1)

1. The upper pin bearing should, bescrewed down
until there is approximately £025 clearance between
it and the top of shaft ©dearing. The upper pin bear-
ing should then be sgcurelyplocked in position with
the lock nut. The lower bearing’position is fixed and
cannot be adjusted.

2. The contact gap adjustment for the overcurrent
unit is made with the moving contact in the reset
position, e.g., againSt the right side of the bridge.
Advance theWstationary contact until the contacts
just close' Then back off the stationary contact 2/3
of one, furn “for a gap of approximately .020''. The
clamp helding the stationary contact housing need
not be leosened for the adjustment since the clamp
utilizes)a spring-type action in holding the stationary

10

contact in position.

3. The sensitivity adjustment is made by/vary-
ing the tension of the spiral spring attached topthe
moving element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge4and “is"held in place
by a spring type clamp that doesynot“have to be
loosened prior to making the nécessary adjustments.

Before applying current,blocksépen the normally-
closed contact of the directional unit. Insert the tap
screw in the minimumgwalueéwstap setting and adjust
the spring such thaty,the contacts will close as indi-
cated by a neon _lamplin the contact circuit when
energized with the g#equired current. The pick up of
the overcurrent unit with the tap screw in any other
tap should be,within +5% of tap value.

Directional, Unit(D)

107 The,apper bearing screw should be screwed
down“until there is approximately .025 clearance be-
tween, it“and the top of the shaft bearing. The upper
pin bedring should then be securelylocked in position
with"the lock nut.

2. Contact Gap. Adjustment for the directional
unit is made with moving contact in the reset posi-
tion, i.e., against the right side of the bridge. Ad-
vance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move the in the left-hand stationary contact
until it just touches the moving contact. Then back
off the stationary contact 2/3 of one turn for a con-
tact gap of approximately .020’’. The clamp holding
the stationary contact housing need not be loosened
for the adjustment since the clamp utilizes a spring-
type action in holding the stationary contact in
position.

3. Sensitivity. Insert tap screw of overcurrent
unit in highest tap. The sensitivity adjustment is
made by varying the tension of the spiral spring at-
tached to the moving element assembly. The spring
is adjusted by placing a screwdriver or similar tool
into one of the notches located on the periphery of
the spring adjuster and rotating it. The spring ad-
juster is located on the underside of the bridge and
is held in place by a spring type clamp that does not
have to be loosened prior to making the necessary
adjustments.
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* The spring is to be adjusted such that the con-
tacts will close with .5 amperes flowing into ter-
minal 6 and out terminal 8 with terminals 7 and 9
jumped together. (Use 0.7 Amps for 4-16 and 1040
Amps.)

4. De-Coupling Adjustment. Connect high re-
sistance, low reading voltmeter across terminals 4
and 5. Pass 80 amperes into terminals 6 and 7 and
adjust top right hand resistor (front view) until a mini-
mum voltage is obtained. Use care not to overheat
relay during test.

5. Core Adjustment. Apply 10 amperes to ter-
terminals 8 and 9 with all other terminals open circuited,
Adjust core such that the contacts remain open. The
core can be adjusted by the use of a screwdriver in
the slots in the bottom of the cylinder unit.

6. Plug Adjustment. Apply current to terminals
8 and 9 with all other terminals open circuited. Plug
adjustment is then made per Table II such that the

spurious torques are reversed. The plugsgareyheld in
position by upper and lower plug clips. The&e clips
need not be disturbed in any manner when,making the
necessary adjustment.

Indicating Contact Switch (ICS)

Adjust the contact gap(forfapproximately 5/64’’
(-1/64"", +0).

Close the main relay comtacts and check to see
that the relays pickhup and'the target drops between
1 and 1.2 amperes d-cC.

RENEWAL PARTS

Repair swortk- can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnishedyto the customers who are equippedfor doing
repair work. When ordering parts always give the com-
plete nameplate data.

KRD-4 RELAY
TEST CIRCULY
A
B
C
KRD-4
RELAY
PHASE
SHIFTER
o &
*
PHASE 124 58 910
ANGLE © %19 9§y °
-0 : ‘METER
O
VARIAC
ALSVNSNRRVVN N
[
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TYPE SRGU DUAL POLARIZED GR9UND
DIRECTIONAL RELAY / .

{ A

APPLICATION

The SRGU is a high speed dual-polarized direc-
tional overcurrent ground relay. It may be used as a
current or potential polarized relay. It is suitable
for overreaching pilot systems where the pilot aux-
iliary provides a coordinating delay of at least 15
ms during a sudden reversal in the direction of fault-
power flow due to a sequentially cleared external
fault. This SRGU design is not suitable for under-
reaching applications, pilot or non-pilot, since the
overcurrent unit is not designed for minimum tran-
sient overreach and the directional-unit reset during
areversal is as much.as 12 ms.

CONSTRUCTION AND OPERATION

As shown in Fig. 1, 2, & 3 the relay contains ‘a
power supply, a directional unit and overcurrént unit
in a 19 inch rack unit.

Directional Unit

The directional unit consist of air gap |current
transformers, To9 and Tg, a voltageftransfermer T,
a phase shifting network, and two, printed circuit
boards (dual directional and direetional amplifier).

Transformer T and Tg are used in the current
polarizing circuit and in_the operating circuit. The
operating current transformér has two separate
secondary windings.

The phase shifting network consist of a capa-
citor (C6), resistor (Ril) and a reactor (L.1) in voltage
polarizing #circdit and a reactor (L2) in current
polarizing cireuit. #ig. 3 shows the connections of
the transformers®@and the phase shifting network to
the ring modulator.

The directional circuit board consist of two
seéts, of ring modulators, an amplifier, a timer, a

filter and an output transistor.

The ring modulator consists of four diodes. The
anode of each diode is connected to the cathode of

NEW INFORMATION

-

the following diode to 'ro’duce a maximum ‘outi\ut
voltage of 1.4 volts Or two diodes forward voltage
drop.

Amplifier: THe,amplifier consist of the two NPN
transistors 1QMpand®™ Q3. The second stage of the
amplifier isq'an emitter follower which provides an
output to the next stage.

The “turn /on timer consists of a potentiometer
1R 14, ajresistor 1R12, a unijunction transistor 2Ql,
apcapaeitor 1C3, and normally conducting transistor
1Q4 for"a rapid discharge of the capacitor.

The filter consists of a diode 2D1, a capacitor
2C1 and the resistor 2R3. There are two outputs one
of which is the directional unit output. The other
controls the overcurrent unit. The directional out-
puts of a NPN 2Q2 and PNP 2Q3 with a diode 2D2
and zener diode 271 for the protection of output unit
from the surge. The control output unit consist of
two NPN transistors 2Q4 and 2Q5 in which 2Q5 is
normally conducting.

Instantaneous Overcurrent Unit

The overcurrent unit consists of an input trans-
former T4, a setting circuit, a phase splitter circuit,
a sensing circuit, a voltage regulator circuit, a
feedback circuit and a transistor output.

1. Input Transformer - A two winding type with a
non-tapped primary winding and a tapped second-
ary winding, the secondary is connected to the
setting circuit and from the fixed tap to the
phase splitter circuit.

2. Setting Circuit - The setting circuit is connected
across the secondary winding of the input trans-
former and consists of two branches, a resistor
and a rheostat, connected in parallel with a
resistor and zener diode. This circuit loads the
transformer and produces a secondary voltage
proportional to the input current. The rheostat
has a locking feature to minimize the accidental
change of current setting.

EFFECTIVE AUGUST 1968
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Fig. 1. Relay’s Front(Picture e
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Fig. 2. Relay’'s Rear Picture
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Phase Splitter Circuit

Consists of two capacitors, resistor, potentio-
meter, and a three-phase rectifier bridge. This
circuit converts the single phase ac voltage from
the output of the transformer to a three phase voltage
and rectifies this voltage to dc.

Sensing Circuit

Consists of three resistors, a transistor and a
zener diode. This circuit is connected between the
output of the phase splitter circuit and the amplifier
circuit. In this circuit, the reference voltage is
established which turns the transistor on. To turn
the transistor off, the output voltage from the phase
splitter must be less than the reference voltage.

Feedback Circuit

Consists of a resistor, potentiometer and diode.
This circuit controls the dropout current of the relay.

Voltage Regulator Circuit

Consist of a silicon power regulator and a series
resistor. The silicon power regulator is a 10 watt
zener diode mounted on an aluminum heat siftk:j)The
series resistor is used to reduce the supply voltage
to the zener voltage.

Case

Jack plug on the rear has 24 terminals numbered
left to right and top to bottom. Thus tetminal No. 1
is located in the upper left handycotners#when viewed
from the rear and terminal 24 is “im, the lower right
hand corner. Terminal No¥ b ishconnected internally
to the chassis ground and may beused for grounding
connecting cable shields (when used).

There is also anm8, poéint terminal block for the
current circuits. Itlisflo€ated in the right hand side
of the rear whenyviewed from the back. The termin-
als are numbered from left to right.

The chassis 4ase, cover, and front panel have
electrical connections assured by the use of shake-
proof washers which cut through any paint or pro-
tecting coating to make electrical contact with the
base metal. The complete relay rack is then ground-
€dy.to, the switchboard or cabinet by shakeproof
washers.

The front door is connected to the relay case by
two hinges and a slotted strap from the bottom, and

can be closed by two screws which are(located at
the top of the door. The slotted strapsgify thémbottom
allows the door to be opened up to 90 degrees and
stops the door from sliding to the left andefight. The
door can be removed by unscrewing the slotted strap
from the door.

The front panel consist§ ofg2yparts:
1. The circuit boards®

2. Two potentiometers®R14 and 3S1. 1R14 is
used for timing ‘adjustment in the directional
circuit board, ‘@nd the 3S1 is used for current
setting_ in the_overcurrent unit.

Printed Circuit Boerd Assembly

Thel printed circuit board assembly shown in
Figs 9'consists of three separate boards (1) Dual
Directienal*Circuit Board, (2) Directional Amplifier
Circuit Board (3) Overcurrent Circuit Board. They
centainvall the resistors, diodes, transistors and the
unijunction necessary to perform the function of a
dudl polarized directional relay. In Fig. 3 all the
components are identified by a number and a letter
followed by a number. The first number (a) indicates
circuit board number, the letter is used to specify
the component type and the second number indicates
the component number. In this circuit board, the
resistors are identified by ‘‘R’’, the diodes by ““D’’,
the zener diodes by ¢‘Z’’, transistors by ‘“‘Q’’, cap-
acitors by ‘“C’’, and the test point by ‘“‘TP’’. Box
in the transistors indicates normally conducting
transistors.

When facing the component side of the printed
circuit board, with terminals at the bottom, termin-
als are numbered 1 to 14 from right to left. These
terminal numbers are shown in the internal sche-
matic and will be referred to as printed circuit ter-
minals ‘““TCT’’, in the trouble shooting section.

Directional Unit Operation

Refer to internal schematic Fig. 3. The opera-
tion of the relay is as follows:

The potential circuit of the directional unit is
tuned to 60 Hz, but the secondary side of the cur-
rent transformer has been phase shifted to get a
maximum sensitivity of 60 degrees.

Diodes 1D1 to 1D4 constitute a ring modulator
or a diode phase comparator, when the two input cur-
rents have the same instantaneous polarity 1TP-1 is
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positive with respect to negative then transistor
1Q1 turns on. If the two input currents are of oppos-
ite polarity or if either input is zero the voltage 1TP-
1 will be negative or zero with respect to negative
and 1Q1 will be off and 1Q4 will be on, to short cir-
cuit capacitor 1Q3. The same thing applys to the ring
modulator consisting of diodes 5 to 8.

Assume 1TP1 goes positive to turnon 1Q3. Then
capacitor 1C3 charges, and if the voltage across the
the capacitor reaches the ‘‘firing voltage’’ of the
unijunction transistor, the unijunction fires. The
current pulse resulting from the unijunction will be
transfered to the capacitor 2C1 and hence turns on
2Q2 and 2Q3 and the output voltage appears at
varicon terminal 6. Also it turns 2Q5 off to develop
the overcurrent unit output.

1R14 is adjusted so that the time required for
1C3 to reach the voltage level of the unijunction is
4.1 m.s. If one or both input quantities goes to zero,
and causes transistor 1Q4 turns on, 1C3 is rapidly
discharged and the output goes to zero.

Two sets of Ring Modulators are used, one for
voltage polarizing and the other for current polar-
izing. The output of the Ring Modular from the cur4
rent polarizing circuit is fed back to 1Q3 and{if
either 1Q1 or 1Q2 or both turn on, 1Q4 will be tutned
off and the capacitor 1C3 starts to charge up.

The output circuit consists of two transistors,
2Q3 and 2Q5, in which 2Q5 is normally coaducting
and supervises the overcurrent unit. The normally
conducting transistor, of the directionalWunit, is
connected to the input of the first trafsister 3Q1 in
overcurrent unit, so that short circuits,any voltage
resulting from the overcurrent unit.WIf the direction
of current is in the trip direction, ,the directional
unit will pick up and the output transistor will act
as an open circuit, and alleowspthe overcurrent unit
to operate.

The second oudtputgof the directional unit con-
sist of two tranSistors. These two transistors are
normally off when the, tfip signal comes from the
unijunction transistor, turns the NPN transistor 2Q2
on, and then allows the PNP transistor 2Q3 to sat-
urate, and,hence a twenty volt output will appear
across resistor 2R17.

Overcurfent)Unit Operation

The overcurrent unit is also a static device and
preduees a dc voltage output when the input current

exceeds the set value.

The components of the overcurrent unit are con=
nected as shown in Fig. 3 with no input to the relay,
transistors 3Q1 and 3Q2 are in the nonconducting
condition and no output is obtained from the,relay.
Zener diode 3Z1 of the sensing circuit establishes
the reference voltage from the basg of#3Q1 to nega-
tive and allows a base current topflow in 8Q1 through
3R5 to negative.

When ac current is applied/to #he primary of the
transformer T4, a voltage is‘produced on the second-
ary side that is proportional to the amount of resist-
ance in the rheostatSk, This single phase voltage
is applied to the phase splitter circuit where a three
phase voltage isgproduced, rectified, and applied to
resistor 3R5 of the ‘sensing circuit. If the voltage
from the rectifier \isggreater than the reference volt-
age across ‘theWsensing circuit, 3Q1l turns on to
allow “3Q2ute, turn on which produce a 20 volts dc
outpit.

When 3Q2 turns on, positive feedback voltage is
appliedito the base of 3Q1l. By varying the magnitude
offthisr voltage, the dropout of the relay can be reg-
ulated from approximately 98% to 0% of the pick up.

When large current are applied to the primary of
the input transformer, the zener clipper on the sec-

ondary prevents the current from becoming excessive.

Relay Operation (Directional and Overcurrent)

The type SRGU relay is connected to the pro-
tected transmission line as shown in Fig. 4. The
relay operates for ground fault currents of a definite
magnitude that are flowing in a specified direction
with respect to the reference voltage or current.

The directional unit circuitry of the relay com-
pares the phase angle between the fault current and
the polarizing quantities of the system and produces
either an output voltage for a fault in the trip direc-
tion or no output for a fault in the non-trip direction.
Relay operation occurs when both the directional
unit and the instantaneous overcurrent unit produce
a 20 dc voltage output. Hence, the fault current
must be greater than the setting of the overcurrent
unit.

For a fault in non-trip direction, the transistor
2Q5 of the directional unit short circuits the base
to emitter junction of transistor 3Q1 of overcurrent

A,
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unit, and does not permit the transistor 3Q1 to turn
on. For fault current in the trip direction, the direc-
tional unit operates and removes this short circuit,
allowing the overcurrent unit to produce an output
simultaneously with the directional unit output.

CHARACTERISTICS

Directional Unit

1. As a voltage polarized directional unit, ‘‘maxi-
mum sensitivity’”’ occurs with current lagging
voltage by 60° + 6°.

As a current polarized directional unit, ‘‘maxi-
mum sensitivity’’ occurs with operating and

polarizing currents in phase + 6°.

Overcurrent Unit

2. The SRGU relays are available in the following
current ranges:

RANGE SCALE MARKING

.5-2 AMPS. .5 .15 1.0 1.5 2.0
1-4 AMPS. 1.0 1.5 2.0 3.0 40
2-8 AMPS. 2 3 4 6 8

The setting is the minimum current ‘requifed to
obtain a 20 volts dc output. For pickup settings
between calibrated markings refer to_thegsection
under ‘‘Setting’’. The SRGU relay isWdesigned
for dual polarizing and can be polarized from a
zero sequence potential sourcg, a zero sequence
current source or from both’simultaneously.

Time Curves:_

The time curves forgSRGUgrelay are shown in
Fig. 5, 6, and 7. Figure 5 ifaicludes directional unit
operating time for currenty,voltage or dual polarized.

Fig. 6 isWeyvercurrent unit operating time, and
Fig. 7 is oyercurrent unit reset time.

Operating Time:

The tuned circuits in the directional unit impart
a slight inverse time characteristic at low energy
leyels and cause a longer operating time at the
minimum pick up.

‘Reset Time:

The tuned circuits in the directional unit also
delays the reset time, and the amount of delay de-

I.L.41-137.4

pends on the initial energization (the ‘max. reset
time is 30 ms).

Current Reversal Reset Time:

When a fault current reversal occurs, the relay
is reversed and the directional unit resets in 12 ms
or less.

Both the directionaly unit_and overcurrent unit
must operate before amtrip®eutput can be obtained.
Hence, the unit whi¢h takeés the longer time to oper-
ate determines when an output will occur. The over-
current unit cannot operate until the short circuit in
its input circuit“is_removed by the operation of the
directional @mitjhOnce the directional unit operates,
the overcurrent unit will operate instantaneously.

If {the ope€rating and polarizing quantities are
motedthanaythie minimum required the directional unit
operatesypbut because of the setting, the overcurrent
unitemay not operate and therefore the overall output
wilh be zero.

If under these conditions, a current reversal
happens, the directional unit resets a maximum of
12 ms to short circuit the overcurrent unit, but the
overcurrent unit may operate in less than 12 ms, and
hence an illegitimate 20 volts output will appear
across the varicon terminals 5 and 3.

Reset Time:

Although the reset (de-energization) of the direc-
tional unit is longer than overcurrent unit. The relay
reset time is completely independent of directional
unit reset time, and it only depends on overcurrent
unit reset time. Therefore, the curve shown for over-
current unitreset time is the same for the relay reset
time.

Setting (Overcurrent Unit)

The operating level of the relay is selected by
adjusting the rheostat 3S1 in the front of the panel.
Settings in between the scale marking can be made
by applying the desired current and adjusting the
rheostat until an output is obtained.

Directional Unit

No setting is required.

ADJUSTMENT AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
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Upon receipt of the relay, no adjustments, other
than those covered under ‘‘Settings’’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order.

Overcurrent Unit

A. Minimum trip current

1. Apply the rated dc to terminals 3 and 4 (4 is
positive) and make sure 20 + 2 volts exist at
the “‘printed circuit board’’ terminal 1 and 14
(14 is positive). For checking the pick up
remove the directional amplifier board, and
then by the circulating the specified current
through ‘“Terminal Block’’ terminals 1 and 2
the dc voltmeter in the output should read
approximately 20 volts, when the current is
within 3% of the setting.

2. Dropout;

After checking pick up, the dropout should be
checked to be approximately 97% of the pick
up with the ac current gradually reduced.

Directional Unit

Refer to Fig. 8 with the directional amplifier
back in place. Apply 100 volts, 60 Hz to terminals
7 and 8. The output voltage measured from jack ‘ter-
minal 2JR to negative should be zero¢4

Remove 60 Hz voltage input ffom terminals 7
and 8 and circulate 10 amperes 60'Hz thteugh ‘‘Ter-
minal Block’ terminals 1 and 2gTFhe“output voltage
measured from 2JR to 2JB should be ‘zero.

Apply 100 volts 60 HZ tofterminal 7 and 8 cir-
culate 18 amperes throughi‘‘Terminal Block’’ ter-
minals 1 and 2 with polarities as shown on the ex-
ternal schematic,

Adjust the phase“angle between voltage and
current until voltage output of 20 volts * 10% from
jack terminals 2JB, and 2JR is obtained. At this
point the amngle between voltage and current should
be 330%,. 32 voltage leading current. Adjust the
phasegshifter until the 20 volts output drops to zero.
This ‘angle“should be 150 + 3 degrees.

Circulate 5 amperes into ‘‘Terminal Block’’ ter-

minal 4 and out 3 into terminal 1 and out 2, (in
phase). The voltage output should be obtaineds

Apply 10 amperes into 4 out 3, into 1 out¥?2.
Apply 100 volts to terminals 7 and 8, (current lags
voltage by 60°). Voltage output should be obtained.
Reverse terminal connections 7 and 8, the output
should read zero. Take out terminal@T, and 8, the
relay should operate.

Repair Calibration

If the relay does not meet“‘the acceptance tests
or has been dismantled‘fer repairs, use the following
procedure to put in preper working order.

Avoid stressing camponent leads. If a test probe
must be connected to,a component lead, connect it
so as to aveid stress on the leads of delicate com-
ponents. UseWthe test points provided wherever
possiblémpather than connecting a test probe directly
to they,component board.

Use the following procedure for calibrating the
SRGUy Relay if the relay adjustments have been
disturbed. This procedure should not be used until
it _is apparent that the relay is not in proper working
order.

A. Directional Unit (Polarity Check)

1. Connect as per Fig. 8.

2. Replace the dual directional circuit board
with a card extender style 849A534G01 and
disconnect, not remove, all other boards.

Apply rated dc voltage across ‘‘Varicon’’
terminal 3 and 4, with terminal 4 positive.
Measure the voltage across the printed cir-
cuit board terminal 1 and 14 with positive on
terminal 14. The voltage should be 20 + 2
volts.

3. Connect the dual directional board and all
the other boards back to the relay.

4. Circulate 10 amperes through ‘‘Terminal
Block’’ terminals 1 and 2.

5. Apply 100 volts to Varicon terminal 7 apd 8,
(7 1s polarity) and circulate 10 amperes
through ‘“Terminal Block’’ terminals 1 and 2,
(1 is polarity). Set the phase shifter to 60°
(current lags voltage). The relay should oper-
ate.



DUAL POLARIZED GROUND DIRECTIONAL RELAY

6.

Phase Angle Adjustment:

Circulate 5 amperes into ‘““Terminal Block’’
4 out of 3, into 1 and out 2. Disconnect the
voltage from terminals 7 and 8. The relay
should operate.

If the relay operated in 5, but not in 6, the
connections to ‘‘Terminal Block’’ terminals
3 and 4 are wrong and should be reversed.

If relay operated in 6 but not in 5, the con-
nections to 7 and 8 are reversed and should
be changed.

If the relay did not operate in 5 or 6, the con-
nections to ‘‘Terminal Block’’ terminals 1

and 2 are wrong and should be changed.

Fig. 8.

10.

11.

12.

Turn the phase shifter in either direction
until the dc voltage output between terminal
2JB and 2JR in the front panel just drops to
zero, and read the phase shifter angle. (angle
between I and V).

Continue the turning in the sa—e direction
until the dc voltmeter across ack terminal
2JB and 2JR just reads 20 + 2 volts, and
read the angle on the phase shifter,

Adjust the potentiometer 1R14 in front panel
until the difference between the aboye ‘angles
becomes 180 + 2 degrees.

Zero Sensitivity Check:

13.

14.

Apply 120 volts and)10 amperes as indicated

above.

Check that the zero sensitivity angle occurs
within 4 degreesy at®150° and 330° of the
phase shifter.

Minimum Pick/Up Check: Fig. 8.

15.

16.

Apply“idvolt Hetween terminals 7 and 8 (7 is
polarity) “and circulate 0.4 amperes through
“Terminal Block’’ terminals 1 and 2 (1 is
polarity). The relay should pick up at maxi-
mum sensitivity (current lags 60°).

Disconnect the voltage terminal (7 and 8)
and circulate 0.5 amperes through ‘‘“Terminal
Block’’ terminals 1 and 2 and through 4 and
3. The relay should operate at 20 volts dc

I.L. 41-137.4

which is obtained between ‘‘Jack Terminal’’
2JR and 2JB. Also check a 20 yolts ‘desout-
put between ‘‘printed circuit board’’ termin-
als 6 and 1 (6 is positive).

B. Overcurrent Unit Adjustment

Phase Splitter Adjustment

1.

Disconnect the directional” amplifier circuit
board from the relay.

Extend module "with/board extender, and ad-
just knob on Theostat 3S1 (front of module)
such that white /pointer is equidistance from
each gidepof locking tab when S1 is fully
rotatéd.

Turn rheostat 3S1 all the way towards lowest
dial/current marking.

Circtulate minimum current marked on the
dial through terminals 1 and 2.

Connect scope across 3TP-2 and printed cir-
cuit terminal #1 (ground). Adjust potentio-
meter 3R13 (middle-top of board) to obtain
following waveform:

Dial Calibration

Apply rated dc voltage to relay.

Connect high resistance dc voltmeter to test
points on front of module. (Red J = Pos.
Black J = Neg.).
Apply desired 3S1 ‘“Terminal
Block’ 1 and 2.

current to

Turn 3S1 rheostat until the relay operates
as indicated by a sudden reading of approx-
imately 20 volts dc on meter.

Dropout Adjustment (3R12)

1

Set Rheostat 3S1 on minimum dial current
value, apply rated dc voltage, and connect
the dc voltmeter across ‘‘Jack Terminal Jg
and Jg’’ of overcurrent unit.
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2. Apply minimum setting current to proper relay
terminals. Overcurrent unit should operate at
a current level within 2% of the marked value
on the dial.

3. Reduce ac current to 97% of pick up current

for minimum setting.

If the ring modulator output is obtained but there
is no final output, the trouble would be on thegeir-
cuit board.

If the final output is obtained, and the period of
the waveforms are not the same as shown for, this
particular angle relation between current and volt-
age, the phase shifting network of thes€lay has to

4. Rotate potentiometer 3R12, until the relay
resets as indicated by voltmeter dropping
from 20 to zero volts.

5. Verify pick up and dropout by raising and
lowering ac current. The overcurrent unit
should pick up within 2% of marked value
and dropout at 97% of pick up current.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the relay is not operating correctly.

1. The first step is inspecting all wires and
connections of the transformers, and also
paying particular attention to printed circuit
board terminal.

2. Check phase shifting component on their
connection and values as listed on thegin-
ternal schematic of the relays.

3. Check the circuit board at different test
point as listed below by an oscilloSeopé to
see if the waveforms of Fig. 10fare‘ebtained
for a given test condition.

Test Condition:

Set the relay for voltagegpelarizing, apply 100
volt to the voltage terminal and 10 amperes to the
operating current transformer (terminal block 1 and
2) with the proper polarity. Set the phase shifter on
““0”’, check the tést péint mumber 1 by an oscillo-
scope and compare them with the given waveforms.

be checked.

RENEWAL PARTS

Repair work can be donejmost satisfactorily at
the factory. However, inferchangeable parts can be
furnished to the custéGmers®who are equipped for
doing repair work. When ordering parts always give
the complete nameplate data.

BURDEN DATA
DIRECTIONAL UNIT VOLTAGE CIRCUIT

Ip =0 or IQO=S14
VOLTAGE VA WATT VAR
100 9.20 8.9 2.3 s
75 5.10 4.92 1.27
50 2.24 2.16 0.62
25 .56 .04 .015
10 .08 .078 .022
5 .015 .0144 .0041
1 .006 .0058 .0016

DIRECTIONAL UNIT, CURRENT CIRCUIT

OPERATING
CURRENT VA WATT VI
1 .043 .041 .0125
5 1.05 1.0 .031
10 4.2 4.0 1.23
20 18.0 17.2 5.25
30 39 37 12.7
40 64 61. 20.8
50 120 115 35

s
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/e»zs&;vax
Fig. 10. Waveforms
Sweep — 2ms/cm.
Voltage #1 Ring Modulator Output 2 volt/ cm.
#2 Transistor Output 10 volt/cm.
#3 C1 Output 10 volt/cm.
#4 Filter Output 2 volt/cm. i,
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DIRECTIONAL OVERCURRENT GROUND RELAYS
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DIRECTIONAL OVERCURRENT GROUND RELAYS

TABLE |

DIRECTIONAL UNIT SENSITIVITY

QO

RELAY TYPE AMPERE RATING VALUES FOR MIN. PICKUP 7 PHASE ANGLE RELATIONSHIP
VOLTS AMPERES s
.5-2 . 0 . ]
1-4 .0 I lagging
KRP 2-8 1 4.0 I in-phase w
KRD (Voltage
Unit) 4-16 1 4.0 I lagging
10-40 8.0 I in-p
.5-2 0.5 I 1
KRC 1-4
KRD (Current 2-8 0.57 se
Unit) 4-16 1.0 ding I, by 40° 77
10-40 1.4 -phase
7 The energization quantities are input quantities at the relay term
77 Maximum torque angle.
TABLE Il \\
DIRECTIONAL UNIT
RELAY RATING CURRENT AMPERES ADJUSTMENT
All Ranges 80 Right (Front-View) Plug Screwed
Out Until Spurious Torque is Re-
versed.
All Ranges 80 Torque In Contact Left (Front View) Plug Screwed

g Direction (Right Front

Out Until Spurious Torque is in
Contact Closing Direction. Then
the plug is screwed in Until Spuri-
ous Torque is Reversed.

Short circuit the voltage pol

before making the abov dj@s.

circuit and open circuit the current polarizing circuit at the relay tenninals
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I.L. 41-137K
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Fig. 9. External Schematic of the Type KRD Relay.

may be desired on some installations in order to ‘in-
sure that the relay will always trip the_breakerfon
zero potential.

Indicating Contactor Switch (ICS)

Adjust the contact gap for approximately 5/64”
(~1/64", +0).

Close the main relayqeconta¢ts and check to see
that the relay picks up and‘the target drops between
1 and 1.2 amperes d-c.

To increase the pickup,current remove the molded
cover and bend thessprings,out or away from the cover.
To decrease the_pickup/current bend the springs in
toward the cover.

RENEWAL PARTS

Repairpwork can be done most satisfactorily at
thenfactory. * However, interchangeable parts can be
furnished“to the customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.

RATING OF OVERCURRENT UNIT

RANGE CONTINUOUSRATING AMPERES ONE SECOND RATING AMPERES
.5-2 5 100
1-4 8 140
2-8 8 140
4-16 10 200
10-40 10 200

L
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DIRECTIONAL OVERCURRENT GROUND RELAYS
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Fig. 7. External Schematic of the Type KRC Relay.

off the stationary contact 3/4 of one turn for a con=
tact gap of .020” to .024”. The clamp holding/the
stationary contact housing need not be loosened for
the adjustment since the clamp utilizes a spring-type
action in holding the stationary contact in positions

3. Insert tap screw of overcurrent unit in highest
tap. The sensitivity adjustment is mite by, varying
the tension of the spiral spring attached“testhe mov-
ing element assembly. The spring is‘adjusted by
placing a screwdriver or similargtoolwinto one of the
notches located on the periphery of the spring ad-
juster and rotating it. TheWspring.adjuster is located
on the underside of thé bridgepand is held in place
by a spring type clamp 4that .does not have to be
loosened prior to making thednecessary adjustments.

The spring is to be adjusted such that the con-
tacts will close as indicated by a neon lamp in the
contact circuit when energized with the required cur-
rent and voltage,as shown in Table 1. This table in-
dicates that‘the,spring can be adjusted when the phase
angle relationship between the operating circuit and
the polarizing circuit is at the maximum torque angle
or when'the circuit relationship has the operating and
polatrizing circuits in phase.

12

Fig. 8. External Schematic of the Type KRP Relay.

4. The magnetic plugs are used to reverse any
unwanted spurious torques that may be present when
the relay is energized on current alone.

The reversing of the s prious torques is accom-
plished by using the adjusting plugs in the following
manner:

a) Voltage circuit terminals on the voltage
polarized relays (KRP and KRD voltage polarized
unit) are short-circuited.

b) The polarizing circuit of the current polarized
relays (KRC and KRD current polarized unit) are open-
circuited.

Upon completion of either “a” or “b”, current is
applied to the operating circuit terminals as per
Table 2. '

Plugadjustment is then made per Table II such that
the spurious torques are reversed. The plugs are
held in position by upper and lower plug clips.
These clips need not be disturbed in any manner
when making the necessary adjustment.

The magnetic plug adjustment may be utilized to
positively close the contacts on current alone. This
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INSTANTANEOUS OVERCURRENT UNIT
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* Fig. 6. Typical Operating Times for the instantaneou$s Type KRC and KRD overcurrent unit (When Current Polarized) Relays.

3. The sensitivity adjustment is made by vary-
ing the tension of the spiral springfattached to the
moving element assembly. The spring is adjusted
by placing a screwdriver or similar<tool into one of
the notches located on the, periphery ‘of the spring
adjuster and totating it. ’_I‘he spring adjuster is
located on the underside of the bridge and is held in
place by a spring type clamp that does not have to
be loosened prior to gmaking the necessary adjust-
ments.

Before applyingfcurrent, block open the normally-
closed contact of the directional unit. Insert the tap
screw in the minimum value tap setting and adjust
the spring such that the contacts will close as in-
dicatedyby a neon lamp in the contact circuit when
energizéd> with the required current. The pick up of
the“overcurrent unit with the tap screw in any other
tap should be within +59% of tap value.

If adjustment of pick-up current in between tap

settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

In the type KRP and KRC relays the directional
unit is the lower unit. In the type KRD the direc-
tional units are the lower and middle units.

1. The upper bearing screw should be screwed
down until there is approximately .025 clearance
between it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in posi-
tion with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Advance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move in the left-hand stationary contact
until it just touches the moving contact. Then back

n
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DIRECTIONAL UNITS

FOR POTENTIAL POLARIZED
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* Fig. 5. Typical Operating Times for thelD4Unit of the Type KRP and KRC, KRD Relays.

tween the bridging moving contact and the adjustable
stationary contacts. The bridging moving contaeét
should touch both stationary contacts simultaneously.

ROUTINE MAINTENANCE

All relays should be inspectedypetiodically and
the operation should be checkedfat le@st once every
year or at such other time intervals_as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should de periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use ‘of,abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Calibration

Use, the, following procedure for calibrating the
relay. if ‘the relay has been taken apart for repairs or
the adjustments have been disturbed. This procedure

10

should not be used unless it is apparent that the
relay is not in proper working order. (See “Accept-
ance Check”).

Overcurrent Unit (1)

1. The upper pin bearing should be screwed down
until there is approximately .025 clearance between
it and the top of shaft bearing. The upper pin bear-
ing should then be securely locked in position with
the lock nut. The lower bearing position is fixed and
cannot be adjusted.

2. The contact gap adjustment for the overcur-
rent unit is made with the moving contact in the
reset position, i.e., against the right side of the
bridge. @ Advance the stationary contact until the
contacts just close. Then back off the stationary
contact 2/3 of one turn for a gap of approximately
.020”. The clamp holding the stationary contact
housing need not be loosened for the adjustment
since the clamp utilizes a spring-type action in
holding the stationary contact in position.
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1.L. 41-137K

ENERGY REQUIREMENTS - 60 CYCLES

DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

RELAY TYPE RATING VOLT AMPERES A POWER FACTOR ANGLE¢
KRC 230 7 1.45 8)Lag
Amperes
KRP 208 7T 11.2 28° Lead
Volts
KRD Current 230 T 1.45 & Lag
Unit Amperes
KRD Voltage 208 7T 11.2 28° Lead
Unit Volts

¢ Degrees current leads or lags voltage at 120 volts on voltage polarized units and 5 amperes on current

polarized units.

A Burden of voltage polarized units taken at 120 volts. Burden of ¢hirrefit polarized units taken at 5 amperes.

7 One second rating

77 30 second rating. The 10 second rating is 345 volts. The continuous rating is 120 volts.

Either of the studs or the mounting screws may be
utilized for grounding the relay. The electrical con#
nections may be made directly to the terminals by
means of screws for steel panel mounting of to ter-
minal studs furnished with the relay for thigk panel
mounting. The terminal studs may be easilyyremoved
or inserted by locking two nuts on the studs and then
turning the proper nut with a wrench.

For detailed information, refer to I.L. 41-076.

The external a-c connections of thejdirectional
overcurrent relays are shown in Figs.“ %8 and 9. If
no voltage polarizing source is to be connected to
the KRD relay, short-circuit{’thefvoltage polarizing
circuit at the terminals ofgthe“relay.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay‘haveibeen made at the factory. Upon
receipt of thé relay,pno customer adjustments,other
than thosegcovered under “SETTINGS”, should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order;

Overcurrent Unit (1)

1" Contact Gap — The gap between the stationary
and moving contacts with the relay in the de-ener-
gized position should be approximately .020”.

2. Minimum Trip Current — The normally-closed
contact of the directional unit should be blocked open
when checking the pick-up of the overcurrent unit.

The pick-up of the overcurrent unit can be checked
by inserting the tap screw in the desired tap hole and
applying rated tap value current. The contact should
close within +5% of tap value current.

Directional Unit (D)

1. Contact Gap — The gap between the station-
ary contact and moving contact with the relay inthe
de-energized position should be approximately .020”.

2. Sensitivity — The respective directional units
should trip with value of energization and phase
angle relationships as indicated in Table 1.

3. Spurious Torque Adjustments —.There should
be no spurious closing torques when the operating

circuits are energized per Table 2 with the polarizing
circuits short-circuited for the voltage polarized units
and open-circuited for the current polarized units.

Indicating Contactor Switch (1CS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be
between 1 and 1.2 amperes. The indicator target
should drop freely.

The contact gap should be approximately 5/64” be-
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TYPE KRD RELAY

ENERGY REQUIREMENTS — 60 CYCLES

AMPERE RANGE TAP | VA AT TAP VALUE 7 P.F. ANGLE ¢ VA AT 5 AMPS. 77 | P.F. ANGLE &
.5 0.42 39.5° 28.30 47.0°
.75 0.51 39.5 19.80 43.0
5-9 1.0 0.63 39.5 14.50 41.0
) 1.25 0.78 40.0 12.10 4090
1.5 0.97 40.0 10.60 40.0
2.0 1.44 40.0 8.80 40.0
1.0 0.65 39.0° 15.20 40.0 °
1.5 1.01 39.5 11.00 40.0
1-4 2.0 1.48 40.0 9.10 40.0
2.5 2.10 40.5 8425 40.5
3.0 3.85 41.0 7.75 41.0
4.0 4.56 41.5 W25 41.5
2 2.01 46.0° 1295 45.5°
3 3.44 44.0 9.50 43.5
08 4 5.36 42.5 8.40 42.5
5 7.75 42.0 7.75 42.0
6 10.71 42.0 7.45 42.0
8 18.40 42.0 7.15
4 2.86 40,0 4.45 40.0°
6 4.83 34,0 3.34 34.0
8 7.58 32.0 2.90 31.0
44-16 9 9.09 31.0 2.78 31.0
12 14.70 30.0 2.58 30.0
16 25.00 30.0 2.40 30.0
10 10.5 30.0° 2.60 30.0°
15 22.0 29.5 2.40 29.5
20 37.8 29.0 2.35 29.5
10-40
24 55.2 29.0 2.30 29.5
30 84.0 28.5 2.25 29.5
40 14940 28.0 2.24 29.5
¢ Degrees current lags voltage.
7 Voltages taken with Rectox type yoltméter.
OVERCURRENT UNIT BURDEN DATA AT HIGH CURRENTS
TYPE KRD REL AY
AMPERE RANGE 1-4
Tap Value Current 1 2 4
Multiples of 20 30 | 60 80 10 |2 30 40 5 |10 |15 20
Tap Value Current
VAT 65 176 | 330 560 217 76.8 | 156 236 12.4 | 40 85.2 | 136
P FnAngle ¢ 41° 35° | 27.2°| 23.6°| 35.6°| 28.8°| 23.8°| 21.5°| 24.3°| 22.7°| 19.9°| 16.1°




> DIRECTIONAL OVERCURRENT GROUND RELAYS

ENERGY REQUIREMENTS - 60 CYCLES

g
TYPE KRC RELAY
AMPERE RANGE TAP VA AT TAP VALUE 77 P.F. ANGLE® VA AT 5 AMPS. 77 .F. ANGLE¢
5 0.42 39.5° 27.50 . 43.6°
.75 0.49 37.9 17.60 39.5
5.5 1.0 0.57 36.9 13 37.8
: 1.25 0.68 36.0 : 35.9
1.5 0.81 36.0 : 35.6
2.0 1.10 36.4 ‘ y; 35.4
1.0 0.57 37.1° .30 38.1°
1.5 0.79 36.7 8.79 36.8
1 2.0 1.10 37.1 6.84 36.8
2.5 1.46 37.9 5.90 37.4
3.0 1.92 38.4 5.34 38.1
4.0 3.06 4.71 39.1
2 1.68 10.50 38.8°
3 2.58 7.03 36.5
08 4 3.75 5.87 35.8
5 5.19 ) 5.17 35.7
6 7.07 5.8 4.88 36.1
8 11.30 35.7 4.51 36.8
4 42.2° 3.37 42.0°
; 6 38.0 2.22 37.8
e 416 8 35.5 1.80 36.0
9 35.8 1.67 35.7
12 34.8 1.46 35.0
16 33.7 1.33 35.0
10 34.0° 1.52 33.9°
15 32.6 1.34 34.1
1040 20 31.8 1.27 34.5
) 24 31.3 1.24 34.5
30 30.4 1.19 35.4
40 28.5 1.16 35.6
¢Degrees curren v;tage.
mVoltages t% ARectox type voltmeter.
S
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ENERGY REQUIREMENTS

BURDEN DATA OF OPERATING CURRENT CIRCUIT - 60 CYCLES

TYPE KRP RELAY

AMPERE RANGE TAP VA AT TAP VALUE 7 P.F. ANGLE® VAATS AMPS. .1 P .ANGL’E¢>

5 0.40 36.8° 26.10 @0

5 0.45 35.3 16.70 \ .9

52 1.0 0.53 34.1 12.10 33.9
‘ 1.25 0.62 33.1 9.43 33.1
1.5 0.73 32.3 7.94 31.6

2.0 0.96 32.1 G.Q 31.1

1.0 0.53 31.1° . 31.2°

1.5 0.72 29.1 .99 28.2

14 2.0 0.96 28.7 @0 27.8
2.5 1.25 28.7 4 28.1

3.0 1.63 29.6 4.57 28.9

4.0 2.55 30.1 3.99 30.0

2 1.55 38.3° 9.54 37.6°

3 2.26 35.5 6.25 34.8

4 3.20 33. 4.98 33.1

2-8 5 4.39 3 4.40 32.7
6 5.78 2 4.05 32.1

8 9.31 1 3.62 32.4
4 2.05 42.8° 3.24 42.0°

6 2.94 38.5 2.03 38.0

8 4.09 35.7 1.59 35.7

4-16 9 4.7 34.8 1.46 35.5
12 7.30 33.3 1.24 34.3

16 11.5 ‘ ’ 32.0 1.11 34.2

10 5 \ 30.9° 1.33 30.8°

15 1 30.3 1.15 31.3

20 .6 30.3 1.07 30.8

10-40 24 24" 29.4 1.05 29.9
30 QB 30.1 0.99 31.6

40 .9 28.9 0.97 31.9

@ Degrees current lagsivolt

77 Voltages taken we

R

pe voltmeter.
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1.L.[AT-187K

of back contacts of the directional unit, or 26 ms total
operating time for overcurrent unit. The total time for
directional unit is 56 ms; and, since this is the long-
est time, 51 ms is the total operating time of the re-
lay.

Example 2:

Let: Ipol = 20 amps.
Iop = 23.1 amps.
T (tap) = 1 amp.

¢i=o

Mpp = Iop Ipol Cos ¢
.25

MPP =(20) (23.1) = 1850
.25
Entering Fig. 5, the directional unit closing time
is 12 ms, and the opening time of its back contacts is
1 ms. The total operating time for the directional unit
is 12 ms.

For overcurrent unit:
Multiples of pickup = Iop = 23.1 = 23.1

T 1

Referring to Fig. 6, the overcurrent unit_contagt
closing time is about 10 ms. Therefore, thedotal oper=
ating time for this unit is 13 plus 1 or 14“ms. An this
case the total operating time of relay is“l4 ms.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in gontacts’of the in-
dicating contactor switch wild safely carry this cur-
rent long enough to trip a circuit“breaker.

The indicating contactor“switch”has a pickup of
approximately 1 ampere. ¢ Its d-¢ resistance is 0.1
ohms.

Cylinder Unit Contacts

The moving contdct@assembly has been factory

adjusted for low contact bounce performance and
should not be changed.

The set screw in each stationaryy.contact has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.

SETTINGS

Overcurrent Unit ()

The only settingequired is the pickup current
setting which is made byw means of the connector
screw located on the tap4plate. By placing the con-
nector screw in, the “desired tap, the relay will just
close its contacts¥at the tap value current.

For carrier relaying the carrier trip overcurrent
unit located, in”"the type KRP, KRC or KRD relay
should ‘bef’'set“on a higher tap than the carrier start
overcurrentsunit located in the type KA relay at the
opposite‘end of the line.

CALTION Since the tap block connector screw car-
ries, operating current, be sure that the screw is
turned tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before
removing the other tap screw from the original tap
position.

Directional Unit (D)

No setting is required.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration and heat. Mount the
relay vertically by means of the two mounting studs
for projection mounting or by means of the four mount-
ing holes on the flange for the semi-flush mounting.
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Fig. 4. Internal Schematic of the Type KRD Relay in the
FT31 Case.

range, the minimum pick-up is 1 volt and 4 amperes.

Type KRC Relay

The KRC relay is designed for current polariza-
tion and has its maximum torque when the operating
current leads the polarizing current by approximately
40°.

The directional unit minimum pick-up is 0%
ampere in each winding at the maximum torque angle
for the 0.5 to 2, 1 to4,and 2 to 8 ampere range relays.
For the 4 to 16 and 10 to 40 ampere range, the mini~
mum pick-up is 1 ampere.

Type KRD Relay

The type KRD relay utilizes a  dir€ectional”unit
similar to the KRC relay in conjunetion “with the
directional unit and phase-shifting cirféuit ‘of the KRP
relay.

The current-polarized directional¢unit of the KRD
relay operates on residual“eurrentsféwhile the poten-
tial-polarized directiofal unity of the KRD relay
operates on residual ¥oltage and residual current.

For the 0.5 to 2, 1 to'4fand 2 to 8 ampere range
relays, the minimum pick-up of the current polarized
unit is 0.5 ampere in each winding at the maximum
torque angle. ¢The minimum pick-up for the voltage
polarized unit_iS)1 volt and 2 amperes with the cur-
rent lagging voltage by 60°.

For the 4 to 16 and the 10 to 40 ampere range
relays,‘thesminimum pick-up is 1 ampere for the cur-
rent-polarized directional unit, and 1 volt and 4

amperes for the voltage-polarized directional unit.
TIME CURVES

The time curves for the KRD relay are shown in
Fig. 5 and 6. Fig. 5 consists of three curves which are:

1) Directional Unit opening times for current and volt-
age polarized.

2) Directional Unit closing time for currentsand volt-
age polarized.

3) Directional Unit closing timejfaor 1“volt, voltage
polarized.

Fig. 6 shows the instantaneolls overcurrent unit
closing time.

The voltage polafized curve B begins to deviate
from curve A for less than & volts.

Both the directional unit and the overcurrent unit
must operateybefoereithe trip circuit can be completed.
Hence, thefunityw hich takes the longer time to oper-
ate determines_when the breaker will be tripped. The
overcurrent unit contacts cannot operate until the back
contdcts, of ‘directional unit open; therefore, the total
time for overcurrent unit to operate is its closing time
given infFig. 6 plus the directional unit opening time
given in Fig. 5. The total closing time for the direc-
tional unit is given in Fig. 5. The two examples be-
low will serve to illustrate the use of the curves.

Example 1: Using the formulas and definition of sym-
bols on Fig. 5, we have—

Let: Ipol = 2 amps.
Iop = 2.31
Tap Value (T) = 0.5 amp.
¢=0°

For current polarized relay:
* MPP - Iop Ipol Cos (¢p — 40)
.25
MPP =(2.31) (2) = 18.5
.25

Referring to Fig. 5 at multiples of product pickup
of 18.5, the directional unit opening time is about 11
ms, and the closing time for this unit is 56 ms.

For overcurrent unit:
Multiples of pickup = Iop = 2.31 = 4.6
T 0.5

Entering the curve in Fig. 6 at multiples of pickup
equal to 4.6, the closing time for the overcurrent is 16
ms. However, the total operating time for the over-
current unit is 16 plus 10, which is the opening time
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Fig. 2. Internal Schematic of the Type KRC Relay in the
FT31 Case.

tional unit should pick up for a fault, this short-cir-
cuit is removed, allowing the overcurrent contact to
commence closing almost simultaneously with the
directional contact for high speed operation.

Overcurrent Unit Transformer

This transformer is of the saturatingdtype for
limiting the energy to the overcurrent unit“at Higher
values of fault current and toreduce C.T."burdens, The
primary winding is tapped and these taps,aredbrought
out to a tap block for ease in changing the,pick-up
of the overcurrent unit. The use of_a tapped trans-
former provides approximately the [Same¢energy level
at a given multiple of pickup currenty,for/any tap set-
ting, resulting in one time curve threughout the range
of the relay.

Across the secondarymis comnnected a non-linear
resistor known as a varistor.| The effect of the var-
istor is to reduce thegvoltage peaks applied to the
overcurrent unit and phaseshifting capacitor.

INDICATING'CONTACTOR SWITCH UNIT (ICS)

The indicating eontactor switch is a small d-c
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts are attached,
is attracted to the magnetic core upon energization of
the switch4# When the switch closes, the moving
contacts bridge two stationary contacts, completing
theytrip circuit. Also during this operation two fingers
on“the “armature deflect a spring located on the front
of the switch, which allows the operation indicator
target to drop. The target is reset from the outside of
the case by a push rod located at the bottom of the

Fig..3. Intefnal 'Schematic of the Type KRP Relay in the
FT31 Case.
cover.

The front spring, in addition to holding the target,
provides restraint for the armature and thus controls
the pickup value of the switch.

CHARACTERISTICS

The relays are available in the following current
ranges:

Range Taps_

0.5-2 Amps 05 075 1.0 125 15 2
1-4 1.0 1.5 2.0 25 3.0 4.0
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16

10-40 10 15 20 24 30 40

The tap value is the minimum current required to
just close the overcurrent relay contacts. For pick-
up settings in between taps refer to the section under
adjustments.

Type KRP Relay

The KRP relay is designed for potential polari-
zation and has its maximum torque when the current
lags the voltage by approximately 60 degrees. The
shifting of the maximum torque angle is accomplished
by the use of an internally mounted phase shifter as
shown in the internal schematic.

The directional unit minimum pick-up is approxi-
mately 1 volt and 2 amperes at its maximum torque
angle for the 0.5 to 2, 1 to 4, and 2 to 8 ampere
range relays. For the 4 to 16 and 10 to 40 ampere
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INSTALLATION

Westinghouse  I.L. 41-137K
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

DIRECTIONAL OVERCURRENT GROUND RELAY
TYPES KRP KRC AND KRD

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections,

APPLICATION

These relays are high speed ground directional
overcurrent relays which are used for the protection
of transmission lines and feeder circuits.

They are also used, without modification to pro-
vide directional ground fault protection in the KD
carrier relaying scheme. Operation of the relays ‘in
connection with the carrier scheme is fully described

* in I.L. 40-208.

The type KRP relay is used where residual volt-
age is available for polarizing the dipectienal”unit.
The type KRC is used where this residual voltage
is not available and residual current must be used.
The type KRD relay is a dual®polarized/relay which
can be polarized from a potential ‘Seurce, from a local
ground source or from both,simultaneously.

CONSTRUCTIONsAND#OPERATION

Directional Unit (D)

The directional unitfisfa product induction cylinder
type unit operating “ongthe interaction between the
polarizing circuit flux,and the operating circuit flux.

Mechanically, the directional unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and
a molded bridge.

The frame serves as the mounting structure for
the magnetic core. The magnetic core which houses
the,lower pin bearing is secured to the frame by a
locking nut. The bearing can be replaced, if neces-
sary, without having to remove the magnetic core
from the frame.

SUPERSEDES I.L. 41-137)

*Denotes change from superseded issve.

The electromagnet /has. two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opposite/ one another; two magnetic
adjusting plugs;yp.upper and lower adjusting plug
clips, and two, locating pins. The locating pins are
used to @Ceurately position the lower pin bearing,
which is threaded into the bridge. The electromagnet
is secured togthe frame by four mounting screws.

The moving element assembly consists of a spiral
springim contact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaftr The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
beéaring and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet
and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a
spring type clamp. The spring adjuster is located on
the underside of the bridge and is attached to the
moving contact arm by a spiral spring. The spring
adjuster is also held in place by a spring type clamp.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring out to the spring adjuster clamp.

Overcurrent Unit (1)

The overcurrent unit is similar in construction to
the directional unit. The time phase relationship of
the two air gap fluxes necessary for the development
of torque is achieved by means of a capacitor con-
nected in series with one pair of pole windings.

The normally-closed contact of the directional
unit is connected across one pair of pole windings
of the overcurrent unit as shown in the internal sche-
matics. This arrangement short-circuits the opera-
ting current around the pole windings; preventing the
overcurrent unit from developing torque. If the direc-

EFFECTIVE NOVEMBER 1974



o INSTALLATION

Westinghouse 1.L. 41-137.3E
OPERATION e MAINTENANCE

INSTRUCTIONGS

TYPE KRD-4 DIRECTIONAL OVERCURRENT
GROUND RELAY

CAUTION: Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The KRD-4relay is ahigh speeddirectional over-
current relay whichis used for the protection of trans-
missionlines and feeder transmissionlines and feeder
circuits. These relaysaredualpolarizedrelays which
can be polarizedfrom a potential source, from a local
ground source, or from both simultaneously.

They are also used, without modifications te™pro-
vide directional ground fault protection in the KD-4
carrier relaying scheme. Operation of the,relays in
connection with the carrier scheme is fully described
in LL. 41-911.

CONSTRUCTION

The type KRD-4 directional overcurrent ground
relay consists of a dual polarized“directional unit,
an instantaneous overcurrent unit, and‘an indicating
contactor switch. The principalpartsyof the relay and
their location are shown infFig. 140 3.

A. DIRECTIONAL UNIT, (D)

The directional unit of fhe KRD-4 consists of an
induction cyliftder unit, phase shifting network, and
a de-coupling network.

1. Induction Cylinder Unit

The cylinder unit is a product type in which tor-
que is produced by the phase relationship of an oper-
ating flux and a polarizing flux on an aluminum cylin-
der supporting a moving contact arm. A contact open-
ingytorque or a contact closing torque is produced
depending upon the phase relationship between the
two fluxes.

SUPERSEDES I.L. 41-137.3D

*Denotes change from superseded issue.

The cylinder unit consistshof three basic assem-
blies: an electromagnet assembly, a moving element
assembly, and a stationary elosing assembly.

The electromagnet assembly consists of an elec-
tromagnet, an adjustable magnetic core, two magnetic
adjusting plugs, lower bearing pin, and a die-casted
aluminumframe. The moving element assembly con-
sists, of a)spiral’spring, contact carrying member, and
an aluminumyeylinder which is assembledto a molded
hub which@holds the shaft. The shafthas removable
top and, bottom jewel bearings. The stationary con-
tactWassembly consists of a molded bridge, upper
bearing pin, stationary contact housing and spring
adjuster is located on the underside of the bridge
and is held in place by a spring type clamp. It is
attached to the moving contact arm by a spiral spring.

The electromagnet has four poles, two operating
poles and two polarizing poles. Each pair of poles
are diametrically opposite each other and are excited
by series connected coils. (Two sets of series con-
nected coils are used to excite the polarizing poles,
one set for current polarizing and the other set for
voltage polarizing). The electromagnet is permanently
mounted to the frame in such a manner that an air
gap exists between the pole faces of the electromagnet
and the magnetic core. The aluminum cylinder of the
moving element assembly rotates in this air gap on
the upper and lower pin bearing.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, then the moving contact, through the spiral
spring out to the spring adjusted clamp.

2. Phase Shifting Network

The phase shifting network consists of a resistor,
capacitor and reactor in the polarizing circuit of the
directional unit, and a saturable shunt in the oper-
ating circuit.

3. De-Coupling Network

The de-coupling aietwork consists of an air gap

EFFECTIVE JUNE 1972
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TYPE KRD-4 DIRECTIONAL OVERCURRENT
GROUND RELAY

transformer, capacitor, reactor, and resistor. Elec-
trically this network is equivalent to the polarizing
circuit of the induction cylinder unit and is utilized
to minimize the coupling between the current and
potential polarized sources.

B. INSTANTANEOUS OVERCURRENT UNIT (I)

The instantaneous overcurrent unit consists of an
induction cylinder unit, capacitor, varistor, and a
transformer. The components are connected such that
a contact closing torque is produced when the current
exceeds a specified value.

1. Cylinder Unit

The cylinder unitis similar in construction to the
cylinder unit of the directional unit except that all
coils are similar. The phase relationship of the two
air gap fluxes necessary for the development of tor-
que is achieved by means of a capacitor connected
in series with one pair of pole windings.

2. Transformer

The transformer is a saturating type consisting
of a tapped primary winding and a secondary wind-
ing. A varistor is connected across the secondary
winding to reduce the voltage peaks applied to the
cylinder unit and phase shifting capacitor.

C. INDICATING CONTACTOR SWITCH (ICS)

The indicating contactor switch is a small>d-c
operated clapper type device. A magnetic Armaturée
to which leaf-spring mounted contacts 4are attached,
is attracted to the magnetic core uponenergization
of the switch. When the switch close§,, the moving
contacts bridge two stationary contagts, @empleting
the trip circuit. Alsoduring this operationyptwo fingers
on the armature deflect a spring locatéd on the front
of the switch, which allows the opesdation indicator
target to drop. The target is reset ftom outside of the
case by a push rodlocatedyat ‘the bottom of the cover.

The front spring, in4addition to holding the tar-
get, provides restraintffor the armature and thus con-
trols the pickup value ofithe switch.

OPERATION

The type " KRD-4 relay is connected to the pro-
tected transmission line as shown in Fig. 4. In such
a conngection) the relay operates to disconnect the
line for ‘ground faults of a definite magnitude that are
flowing in a specified direction.

The directional unit of the relay compares the
phase angle between the fault current and the polari-
zing quantities of the system and either produces a
contact closing torque for faults in the trip direction
or produces a contact openingtorque for faults in the
non-trip direction. Relay operation occurs when,both
the directional unit and theinstantaneous overcurrent
unit close their contacts. Hence, the fault current
must be greater thanthe tap setting.of ‘the overcurrent
unit.

For faults in the non-trip” diregtion, a contact
opening torque is produced by, the directional unit
such that the normally Clesed Jcontact of this unit
shorts out a pair of win@ings“en the overcurrent unit.
This prevents the osercurrent unit from developing
torque to close itsmcontacts. For faults in the trip
direction, the directional unit will pickup and re-
move this shott.circuity allowing the overcurrent con-
tact to commence, closing almost simultaneously
with the directional contact for high speed operation.

CHARACTERISTICS

Thelrelays are available in the following current
ranges:

Range Taps
0.5-2 Amps. 0.5 0.75 1.0 125 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
4-16 4.0 6.0 8.0 9.0 12 16
10-40 10 15 20 25 30 40

The tap value is the minimum current required to
just close the overcurrent relay contacts. For pickup
settings in between taps refer to the section under
SETTINGS.

The KRD-4 relay is designed for dual polarizing
and can be polarized from a potential source, a local
ground source or from both simultaneously. Whenthe re-
lay is potential polarized, the maximum torque of the
relay occurs when the operating current lags the
polarizing voltage by approximately 65 degrees. When
the relay is current polarized, the maximum torque of
the relay occurs when the operating current is in
phase with the polarizing current.

TIME CURVES

The time curves for the KRD-4 relay are shown
in Fig. 5 and 6. Fig. 5 includesthree curves which
are:
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GROUND RELAY

L. 41-137:3E

1. Directional Unit opening times for current,
voltage, or dual polarized.

2. Directional unit closing times for current,
voltage or dual polarized.

3. Directional unit closing time for 5 volts
voltage polarized.

Fig. 6 shows the instantaneous overcurrent unit
closing time.

The voltage polarized curve (curve B in Fig. 5)
begins to deviate from curve A at about 10 volts
polarization

Both the directional unit and the overcurrent unit
must operate before the trip circuit can be completed.
Hence, the unit which takes the longer time to oper-
ate determines when the breaker will be tripped. The
overcurrent unit contacts cannot operate until the
back contacts of the directional unit open; therefore,
the total time for the overcurrent unit to operate is
its closing time given in Fig. 6 plus the directional
unit’s opening time given in Fig. 5. The total closing
time for the directional unit is given in Fig. 5. The
two examples below will serve to illustrate the use
of the curves.

(Example One) definition of symbols are,shown
on Fig. 5.

let: Ipol = 1.5 amp.
Iop =3 amp
tap value (T) = 0.5 amp.
g =0°
for a current polarized relay:

Loplpol €os @

MP Py— o
0925
Q) (1.5)
MPR - 4 - 18
0.25

Entering the curves“in®F'ig. 5 at multiples of product
pickup off'18 the directional unit opening time is 4
ms, and‘the €losing time for this unit is 33 ms.

For the overcurrent unit: I
. . op

multiples of pickup =T

3

-——=6
0.5

Yntering the curve in Fig. 6 at multiples of pickup
equal to 6 the closing time for the overcurrent is 14
ms.However,the total operating time for the overcurrent

unit is 14plus 4 ms, which is the opening.time of back
contactsofthedirectional unit,or 18 mgtotalgoperating
time for the overcurrentunit. The totalteperating time
for the directional unit is 33 ms; and since this is
the longest time, 33 ms is the total operating time of
the relay.

(Example Two)

let: Ipgp = 15 amp
IOp = 25 amp
T (tap) =“lpamps

g=0
Ioplpo] cos @
MPP = -0 ——
0.25
MPP = 1500

referring ‘to Fig. 5 the directional unit closing time
is 8 ms, and the opening time of its back contacts is
3 ms. The total operating time for the directional
unit is 8 ms.

For the overcurrent unit:

. . Top
multiples of pick up =

=25

referring to Fig. 6 the overcurrent unit contact clos-
ing time is 10 ms. Therefore, the total operating time
for this unit is 10 + 3 ms or 13 ms. In this case the
total operating time of the relay is 13 ms.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in contacts of the indi-
cating contactor switch will safely carry this current
long enough to trip a circuit breaker.

The indicating contactor switch has a pickup of
approximately 1 ampere. Itsd-cresistance is 0.1ohms.

Cylinder Unit Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set screw in each stationary contact has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.
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SETTINGS For carrier relaying the carrier trip o nt

. unit located in the type KRD-4 relay e set

Overcurrent Unit (1) higher than the carrier start overcurrentyunit/located
in thetype KA-4 relay at the opposite en

The only setting required is the pickup current
setting which is made by means of the connector

screw located on the tap plate. By placing the con- CAUTION: Since the tap block conneébor screw car-
nector screw in the desired tap, the relay will just ries operating current, be e that the screw is
close its contacts at the tap value current. turned tight.

If adjustment of pick-up current in between tap

settings is desired insert the tap screw in the next In order to avoid ¢ > the current transformer
lowest tap settingand adjust the spring as described. circuits when changi s under load, connect the
It should be noted that this adjustment results in a spare tap screw in esired tap position before
slightly different time characteristic curve and bur- removing the ot tap “screw from the original tap
den. position.

ENERGY REQUIREMEN

BURDEN DATA OF OPERATING CURR I IT - 60 CYCLES

AMPERE TAP VA AT TAP GLE VA AT 5 AMPS P.F. ANGLE

RANGE VALUE g
5 .23 47 52°

.15 .52 36 52.5°
1.0 4 31 53°

.5-2 1.25 28 53.5°
1.5 54° 26.5 54°
2.0 \ 8 54° 24 55¢

I - I . I

1.0 1. 52° 31.5 51°

1.5 .85 52¢ 27.3 51.5°
2.0 5.2 52° 25.0 52°

1-4 2.5 & 7.75 52° 24.2 52.5°
3.0 11.4 52° 23.8 53

& 10.6 52° 23.3 53.5°

.0 .
5.6 43° 610t 53°
6 10.8 46° 57071 54°
17.6 47° 56071 54°

4-16 9 22.5 48° 550t 55°
12 39.5 50° 550% 56°

16 69 520 5501 56°

- . \_17_‘,‘“_——_.—‘_{

10 28 49° 545t 50°

15 61 S51° 540t 51°

10-40 20 108 53° 535t 52°
s 25 169 54° 530t 53°

30 252 56° 525t 53°
40 432 57° 5251 53°
S
t VA at 50 Amperes.

v,
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DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

CIRCUIT RATING
Current 2301t
amperes
Voltage 20811t
volts

e Al POWER FACTOR |
VOLT AMPERESA ANGLE @
1.20 3 Lag
21.0 28° Lead

@ Degrees current leads or lags voltage at 120 volts on voltage polarizedunits
and 5 amperes on current polarized units.

/A Burden of voltage polarized unit taken at 120 volts. Burden of current polar-

ized units taken at 5 amperes.

tT One second rating.

t1t 30 second rating. The 10 second rating is 345 volts. Thejyeontinuous rating

is 120 volts.

Directional Unit (D)

No setting is required.

INSTALLATION

The relays should be mounted on switchboard
panels ortheir equivalent in a location free from dint,
moisture, excessive vibration and heat. Mount the re-
lay vertically by means of the two mounting studs
for projection mounting or by means of the four mounft-
ing holes on the flange for the semi-flush méunting:
Either of the studs or the mounting serews .may be
utilized for grounding the relay. The elecCtrical®eon-
nections may be made directly to thegterminals by
means of screws for steel panel mountingyor to ter-
minal studs furnished with the relay fompthick panel
mounting. The terminal studs may be e@sily removed
or inserted by locking two nuts“en.the studs and
then turning the proper nut witha wrench.

For detailed information, referfto I.L.. 41-076.

ADJUSTMENTS ANDy MAINTENANCE

The proper adjustmengs to insure correct opera-
tion of this relay have been made at the factory. Up-
on receipt of the relay, no customer adjustments,
other than th@se covered under ‘‘SETTINGS,’’ should
be requireds

AcceptancesCheck

Thewmfollowing check is recommended to insure
tHatatheyrelay is in proper working order.

Overcurrent Unit (1)

1.9Contact Gap - The gapbetween the stationary
and moving contacts with the relay in the de-
energized position should be approximately
.020.”

2. Minimum Trip Current - The normally-closed
contact of the directional unit should be
blocked open when checking the pick-up of
the overcurrent unit.

The pick-up of the overcurrent unit can be
checked by inserting the tap screw in the
desired tap hole and applying rated tap value
current. The contact should close with +5% of
tap value current.

Directional Unit (D)

1. Contact Gap - The gap between the stationary
contact and moving contact with the relay in
the de-energized position should be approxi-
mately .020.”’

2. Sensitivity - The respective directional units
should trip with value of energization and
phase angle relationships as indicated in
Table 1.

% 3. Spurious Torque Adjustments — There should
beno spurious closing torques when the oper-
ating circuits are energized per Table 2.

4. Coupling - Apply 20 amperes to terminals 6
and 7. Measure voltage acrossterminals 4 and
5. Should be less than 20 volts.

g,
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TYPE KRD-4. DIRECTIONAL OVERCURRENT

GROUND RELAY

lL. 41 E
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TYPE KRD-4 DIRECTIONAL OVERCURRENT
GROUND RELAY

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be be-
tween 1 and 1.2 amperes. Theindicator target should
drop freely.

The contact gap should be approximately 5/64"’
between the bridging moving contact and the adjus-
table stationary contacts. The bridging moving con-
tact should touch both stationary contacts simul-
taneously.

ROUTINE MAINTENANCE

All relays should be inspected periodically and
the operation should be checked at least once every
year or at such other time intervals as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing is not recommended because of the danger of em-
bedding small particles in the face of the soft silver
and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments have been disturbed. This procedure
should not be used unless it is app@rentWthat the
relay is not in working order. (See gfAc€eeptance
Check’?).

Overcurrent Unit (l)

1. The upperpinbearing should,bescrewed down
until there is approximately/.025 glearance between
it and the top of shaft ‘Gearing. The upper pin bear-
ing should then be securelyplocked in position with
the lock nut. The Lower bearing position is fixed and
cannot be adjusted.

2. The contact gap adjustment forthe overcurrent
unit is made with the moving contact in the reset
position, e.g., against the right side of the bridge.
Advance theWstationary contact until the contacts
just close:,Then back off the stationary contact 2/3
of one tusn9for a gap of approximately .020’’. The
clamp helding the stationary contact housing need
not be Teosened for the adjustment since the clamp
wtilizes)a spring-type action in holding the stationary

10

contact in position.

3. The sensitivity adjustment is made by{ vary“
ing the tension of the spiral spring attached tothe
moving element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjustes, is located
on the underside of the bridge“and i held in place
by a spring type clamp that doesjnot have to be
loosened prior to making the necessary adjustments.

Before applying current, block™open the normally-
closed contact of the difectional unit. Insert the tap
screw in the minimum™walue®™ap setting and adjust
the spring such thatthe contacts will close as indi-
cated by a neonghamp®in the contact circuit when
energized with the/required current. The pick up of
the overcufrent unit with the tap screw in any other
tap should be, within +5% of tap value.

Directional, Unit' (D)

1. Thegupper bearing screw should be screwed
down“until there is approximately .025 clearance be-
tween, it “and the top of the shaft bearing. The upper
pift bearing should then be securelylocked in position
with"the lock nut.

2. Contact Gap. Adjustment for the directional
unit is made with moving contact in the reset posi-
tion, i.e., against the right side of the bridge. Ad-
vance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move the in the left-hand stationary contact
until it just touches the moving contact. Then back
off the stationary contact 2/3 of one turn for a con-
tact gap of approximately .020’’. The clamp holding
the stationary contact housing need not be loosened
for the adjustment since the clamp utilizes a spring-
type action in holding the stationary contact in
position.

3. Sensitivity. Insert tap screw of overcurrent
unit in highest tap. The sensitivity adjustment is
made by varying the tension of the spiral spring at-
tached to the moving element assembly. The spring
is adjusted by placing a screwdriver or similar tool
into one of the notches located on the periphery of
the spring adjuster and rotating it. The spring ad-
juster is located on the underside of the bridge and
is held in place by a spring type clamp that does not
have to be loosened prior to making the necessary
adjustments.

An’:l?;;;&;%



TYPE KRD-4 DIRECTIONAL OVERCURRENT
GROUND RELAY

l.L. 41-137.3E

The spring is to be adjusted such that the con-
tacts will close with .5 amperes flowing into ter-
minal 6 and out terminal 8 with terminals 7 and 9
jumped together. (Use 0.7 Amps for 4-16 and 1040
Amps.)

4. De-Coupling Adjustment. Connect high re-
sistance, low reading voltmeter across terminals 4
and 5. Pass 80 amperes into terminals 6 and 7 and
adjust top right hand resistor (front view) until a mini-
mum voltage is obtained. Use care not to overheat
relay during test.

5. Core Adjustment. Apply 10 amperes to ter-

terminals 8 and 9 with all other terminalsopen circuited.
Adjust core such that the contacts remain open. The
core can be adjusted by the use of a screwdriver in
the slots in the bottom of the cylinder unit.

6. Plug Adjustment. Apply current to terminals
8 and 9 with all other terminals open circuited. Plug
adjustment is then made per Table II such that the

spurious torques are reversed. The plugs_are held in
position by upper and lower plug clips. These clips
need not be disturbed in any manner when making the
necessary adjustment.

Indicating Contact Switch (ICS)

Adjust the contact gapl forf@pproximately 5/64"°
(-1/64’, +0).

Close the main relay €entacts and check to see
that the relays pick upfand the target drops between
1 and 1.2 amperes d-e»

RENEWAL PARTS

Repair /woerk can be done most satisfactorily at
thé Mactory. However, interchangeable parts can be
furnished tothe customers who are equippedfor doing
repairwork. Whenordering parts always give the com-
plete nameplate data.

KRD4 RELAY
TEST\CIRCUIT
A
B
. 1
KRD-4
) RELAY
%
[ (PksE
SHIFTER
2 b
o
3
PHASE 124 58 910
ANGLE 0 01 9 949 ©
-3+ METER
4
VARIAC
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TYPE KRD-4 DIRECTIONAL OVERCURRENT : ..
GROUND RELAY .
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INSTALLATION

Westinghouse 1.L. 41-137.,2D
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KRV DIRECTIONAL OVERCURRENT RELAY
FOR PHASE PROTECTION

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

These relays are high speed phase directional
overcurrent relays which are used for the protection
of transmission lines and feeder circuits.

CONSTRUCTION AND OPERATLON

The Type KRV relay consists of a directional
unit (D), an auxiliary switch (CS-1), an instantaneous
unit (I), an instantaneous overcurrent unit transformer,
and an indicating contactor switch (ICS)."Ehe“prin-
ciple component parts of the relay and ‘their location
are shown in Figs. 1 and 2.

Directional Unit (D)

The directional unit isya,proeduct induction cylin-
der type unit operating on thelinteraction between the
polarizing circuit flux and the operating circuit flux.

Mechanically, thesdirectional unit is composed of
four basic componentsé A)die-cast aluminum frame,
an electromagnetija moving element assembly, and a
molded bridge.

The frame sepves as the mounting structure for
the magnetic core. The magnetic core which houses
the lower pin bearing is secured to the frame by a
spring and ¢snap ring. This is an adjustable core
whieh has a .025 inch flat on one side and is held in
itswadjusted position by the clamping action of two
compressed springs. The bearing can be replaced, if
necessary, without having to remove the magnetic
core from the frame.

SUPERSEDES I.L. 41-137.2C

*Denotes change from superseded issue.

The selectromagnet, has two series-connected
polarizing coils , mounted diametrically opposite one
another, two seriesseonnected operating coils mounted
diametrically/ oppesite one another; two magnetic ad-
justing plugs;pupper and lower adjusting plug clips,
and two docating?pins. The locating pins are used to
accurately/position the lower pin bearing, which is
mounted onwthe frame, with respect to the upper pin
bearing, which is threaded into the bridge. The elec-
tromagnet is secured to the frame by four mounting
SCIeWS.

The moving element assembly consists of a
spiral spring, contact carrying member, and an alumi-
num cylinder assembled to a molded hub which holds
the shaft. The shaft has removable top and bottom
jewel bearings. The shaft rides between the bottom
pin bearing and the upper pin bearing with the cylin-
der rotating in an air gap formed by the electromagnet
and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring out to the spring adjuster clamp.

Instantaneous Overcurrent Unit (I)

The instantaneous overcurrent unit is similar in
construction to the directional unit. The time phase
relationship of the two air gap fluxes necessary for
the development of torque is achieved by means of a
capacitor connected in series with one pair of pole
windings.

EFFECTIVE FEBRUARY 1973
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Fig. 1. Type KRV Relay Without Case (Front View)
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VARISTOR

D UNIT RESISTOR

Fig. 2. Type KRV Relay Without Case (Rear View)
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TYPE KRV RELAY

L.L. 41-137:2D
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Indicating Contactor Switch (ICS)

Fig. 3. Internal Schematic of the Type KRV Relay in the
Type FT31 Case.

Instantaneous Overcurrent Unit Transformer

This transformer is of the saturating type for
limiting the energy to the instantaneous overcurrent
unit at higher values of fault current and togsreduce
C.T. burden. The primary winding is tapped and these
taps are brought out to a tap block for ease“in, ghang-
ing the pick-up of the instantaneous overcurrentjunit.
The use of a tapped transformer provides approximate-
ly the same energy level at a given multipledef pick-
up current for any tap setting, resulting(in ©ne time
curve throughout the range of the relay.

Across the secondary is éoenneeted a non-linear
resistor known as a varistor,, The effect of the varis-
tor is to reduce the voltage, peaks applied to the
overcurrent unit and phage shifting capacitor.

Auxiliary Switch (CS#1)

The auxiliary switch is a small solenoid type
d.c. switch.4& cylindrical plunger, with a silver disc
mounted oft itsflower“end, moves in the core of the
solenoid. “As{the plunger travels upward, the disc
bridges the silwer stationary contacts. A tapped re-
sistor is used to enable one to use the contactor
switch on a_24, 48, 125 or 250 volt d.c. system con-
nected per Fig. 6. The operation of the CS-1 switch
is controlled by the directional contact (D) and the I
contaet: It’s function is to insure coordination be-
tween the directional contact (D) and the I contact
to prevent tripping on reversed faults (where the
directional contact was closed on load).

The d-c indicating contactor swifch is)a small
clapper type device. A magnetic armaturesfto which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving con-
tacts bridge two stationarygcontacts, completing the
trip circuit. Also duringithis®operation two fingers on
the armature deflect a spring located on the front of
the switch, which gdllows the operation indicator
target to drop.

The front sPring, in addition to holding the tar-
get, providesestraint” for the armature and thus con-
trols the piek-up value of the switch.

CHARACTERISTICS

Theyrelays are available in the following current
rang e S:

Instantaneous Overcurrent Unit (I)

Range Taps

0.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40

20-80 20 30 40 48 60 80

The tap value is the minimum current required
to just close the relay contacts.

The time vs. current characteristics for the in-
stantaneous overcurrent unit is shown in Fig. 4.

The time vs. current characteristics for the di-
rectional unit is shown in Fig. 5.

Trip Circuit

The relay contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the in-
dicating contactor switch will safely carry this cur-
rent long enough to trip a circuit breaker.

Trip Circuit Constants

The indicating contactor switch has a pickup of
approximately 1 ampere. Its d-c resistance is 0.1
ohms.

Auxiliary Switch (CS-1)

The auxiliary switch has a d-c resistance of
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Fig. 4. Typical Time Curve of the Instantaneous Overcurrent Unit.

1165 ohms. Its operating time is approximately 1/2
cycle.

Cylinder Unit Contacts

The moving contact assembly has been factary
adjusted for low contact bounce performance amd
should not be changed.

The set screw in each stationaryq§econtaep has
been shop adjusted for optimum follew andythis ad-
justment should not be disturbed.

Directional Unit

The KRV relay is iftended for' phase fault pro-
tection and the directionalfjunit™ has its maximum
torque when the currént lgads the voltage by approx-
imately 30° The direetional A&init minimum pickup at
its maximum torque angledisfshown in Table 1.

TABLE 1.

RELAY RANGE DIR. UNIT PICKUP

0.5 to 2 Amps. 1.2 Volts and 2 Amps.
1—-4 1.2 Volts and 2 Amps.

2—-8 1.2 Volts and 2 Amps.
4-—16 1.2 Volts and 4 Amps.
10—40 1.2 Volts and 8 Amps.
20—-80 1.2 Volts and 8 Amps.

The directional unit should be connected using
the current in one-phase wire and the potential across
the other two phase wires. This connection is com-
monly referred to as the 90° connection. When utiliz-
ing the 90° connection the maximum torque of the re-
lay occurs when the fault current lags its 100% P.F'.
position by approximately 60°. See Fig. 7.



TYPE KRV RELAY

LL. £1

ENERGY REQUIREMENTS
BURDEN DATA OF OPERATING CURRENT CIRCUIT - 60 CYCLES

C)O

4
AMPERE RANGE | TAP VA AT TAP VALUEtt  P.F. ANGLE #| VA AT S t P.F. ANGLE ¢
5 0.40 36.8° 2. 42.3°
15 0.45 35.3 36.9
1.0 0.53 34.1 33.9
-9-2 1.25 0.62 33.1 3 33.1
1.5 0.73 32.3 7.94 31.6
2.0 0.96 32.1 6.06 31.1
1.0 0.53 31.1° 12.50 31.2°
1.5 0.72 29.1 7.99 28.2
2.0 0.96 8.7 6.09 27.8
1-4 2.5 1.25 5.04 28.1
3.0 1.63 4.57 28.9
4.0 2.55 3.99 30.0
2 1.55 9.54 37.6°
3 2.26 . 6.25 34.8
vt 4 3.20 33.2 4.98 33.1
5 4.39 32.8 4.40 32.7
6 5.7 32.4 4.05 32.1
8 9 31.8 3.62 32.4
4 ) 42.8° 3.24 42.0°
6 : 38.5 2.03 38.0
8 9 35.7 1.59 35.7
4-16 9 34.8 1.46 35.5
12 33.3 1.24 34.3
16 .5 32.0 1.11 34.2
10 2.5 29° .63 29°
15 4.2 25 .47 25
20 6.3 22 .40 29
10-40 24 8.2 21 35 21
3 11 19 .31 19
4 18 19 28 19
vy 10 32° .60 320
0 17 28 .45 28
% 0 2% 24 .38 24
) 48 32 23 .34 23
60 a5 22 .30 22
80 70 21 27 21

) De%rees current lags voltage

Voltages taken with Rectox type voltmeter



TYPE KRV RELAY

RATINGS OF DIRECTIONAL AND OVERCURRENT UNITS

OVERCURRENT UNIT DIRECTIONAL UNIT
CONTINUOUS ONE SECOND CONTINUOUS ONE SECOND

RANGE RATING RATING RATING RATING
0.5-2 Amps 5 100 8 200

1-4 8 140 8 200

2-8 8 140 8 200

4-16 10 200 10 230
10-40 10 200 10 280
20-80 10 200 10 280

t Thermal capacities for short times other than one second may be calculated onjthe basis of time being
inversely proportional to the square of the current.

DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

The burden at 120V, 60 cycles, is 12.5 volt-amperes“at 1'5adegrees. (current leading voltage).

SETTINGS

Instantaneous Overcurrent Unit (I)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con=
nector screw in the desired tap, the relay will (just
close its contacts at the tap value current.

CAUTION Since the tap block connectdr screw car-
ries operating current, be sure that the “Serew is
turned tight.

In order to avoid opening the currens, transformer
circuits when changing taps under loads connect the
spare tap screw in the desired tap‘position before re-
moving the other tap screw frgm the, original tap pos-
ition.

Directional Unit (D)

No setting is requiréd.

Indicating Contactor Switch Unit (ICS)

No setting is required.

Auxiliary Switeh (CS-1)

No setting®required on the CS-1 unit except for
the selectionyof the required 24, 48, 125 or 250 volt-
age on the tapped resistor. This connection can be
made by referring to Fig. 6.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration and heat. Mount the
relay vertically by means of the two mounting studs
for projection mounting or by means of the four mount-
ing holes on the flange for the semi-~flush mounting.
Either of the studs or the mounting screws may be
utilized for grounding the relay. The electrical con-
nections may be made directly to the terminals by
means of screws for steel panel mounting or to ter-
minal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the studs and then
turning the proper nut with a wrench.

For detailed information on the PT Case, refer to

I.L. 41-076.

The external connections of the directional
overcurrent relays are shown in Fig. 7.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under ‘“‘SETTINGS'’, should be
required.
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I.L. 41613732D
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Fig. 5. Typieal Time Curves of the Directional Unit.

Acceptance Check

The following check is reecommended to insure
that the relay is in proper working order;

Instantaneous Overeurrent Unit (I)

1. Contact Gap — The gap between the station-
ary and moving contactshwith the relay in the de-
energized position shouldqbe approximately .020°’.

2. Minimum Trip“Current — The D contacts should
be blockedgelosed when checking the pick-up of the
overcurrent, unit.

The pick-up/f the overcurrent unit can be check-
ed by inserting the tap screw in the desired tap hole
and applying rated tap value current. The contact
shauld close within 5% of tap value current.

Directional Unit (D)

1. Contact Gap — The gap between the station-
ary contact and moving contact with the relay in the
de-energized position should be approximately .020°’.

2. Sensitivity — The directional unit should
pick up at its maximum torque angle (current leading
the voltage by 30°) when energized with the value of
current and voltage shown in Table 1.

3. Spurious Torque Adjustments — There should
be no spurious closing torques when the operating
circuits are energized per Table 2 with the polarizing
circuit short circuited.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should be
between 1 and 1.2 amperes. The indicator target
should drop freely.

The contact gap should be approximately 5/64'’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously. The third moving contact should make at
approximately the same time.
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Fig. 6. Selection of Proper Voltage Tap for Auxiliary
Switch (CS-1) Operation.

ROUTINE MAINTENANCE

All relays should be inspected periodically and
the operation should be checked at least once every
year or at such other time intervals as may be dicé
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned./A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material ffor clean-
ing contacts is not recommended, because, ofithe
danger of embedding small particles ifr the, face of
the soft silver and thus impairing the,contact.

Calibration

Use the following procedureaforscalibrating the
relay if the relay has been gaken apart for repairs or
the adjustments have been diSturbed. This procedure
should not be usedfunlessyit is apparent that the
relay is not in preper working order. (See ‘‘Accept-
ance Check’’).

Instantaneous Overcurrent Unit (I)

1. They upper pin bearing should be screwed
down until there is approximately .025’’ clearance
between ity and)the top of shaft bearing. The upper
pin bearing, should then be securely locked in posi-
tion, with the lock nut. The lower bearing position is
fixedyand cannot be adjusted.

2. The contact gap adjustment for tlie over-
current unit is made with the moving contact in the
reset position, i.e., against the right side offthe
bridge.

Move in the left-hand stationary contactguntil
it just touches the moving contact then, back off the
stationary contact 2/3 of one turn for.@gap of ap-
proximately .020’’. The clamp holding thefstationary
contact housing need not be loosenediyfor the adjust-
ment since the clamp utilizes a spring-type action in
holding the stationary contagt in [position.

3. The sensitivity adjustment is made by vary-
ing the tension of the#Spiral*spring attached to the
moving element assembly. The spring is adjusted by
placing a screwdriver offsimilar tool into one of the
notches located (on g#heéyperiphery of the spring ad-
juster and rotating (it. /The spring adjuster is located
on the underside“ef the bridge and is held in place
by a springstypes clamp that does not have to be
loosened, prier to"making the necessary adjustments.
Beforefapplying current block close the contacts of
the Dyunit.

Insert the tap screw in the minimum setting and
adjust /the spring such that the contacts will close
as indicated by a neon lamp in the contact circuit
when energized with the required current. The pickup
of the overcurrent unit with the tap screw any other
tap should be within +5% of the tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

The directional unit is the lower cylinder unit.

1. The upper bearing screw should be screwed
down until there is approximately .025’’ clearance
between it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in posi-
tion with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.

Move in the left-hand stationary contact until
it just touches the moving contact. Then back off the
stationary contact 2/3 of one turn for a contact gap
of 0.20’’. The clamp holding the stationary contact

s
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Fig. 7. External Schematic of the KRVyRelay for Phase Protection and the KRD Relay for Ground Protection.

housing need not be loosened for thefadjustment
since the clamp utilizes a spring-type action in
holding the stationary contact in position,

3. Insert tap screw ofyovereurrent unit in highest
tap. The sensitivity adjustment 1§ made by varying
the tension of the spiral gpring@@ttached to the mov-
ing element assembly. The spring is adjusted by plac-
ing a screwdriver orgsimilar”tool into one of the
notches located on thedpetiphery of the spring adjust-
er and rotating Ity Theyspring adjuster is located on
the underside of ,the“bridge and is held in place by a
spring typ€e. clamp that does not have to be loosened
prior to making thefnecessary adjustments.

The spring is to be adjusted such that the con-
tact will clese when the unit is energized at its
maximum torque angle (current leading the voltage by
309, with the value of current and voltage shown in
Table I.

4. The magnetic plugs and core are used to
reverse any unwanted spurious torques that may be
present when the relay is energized on current alone.

The reversing of the spurious torques is accom-
plished by using the adjusting plugs and core in the
following manner:

a. Apply 120 volts ac to terminals 6 and 7;
relay should remain open. If contacts are
closed, adjust the core until contacts stay
open.

b. Insert tap screw in the highest value of
the cylinder overcurrent unit.

c. Short circuit the terminals

(6 and 7).

voltage

d. Apply current as per Table II, adjusting
only the plugs for spurious torque.
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Auxiliary Switch (CS-1)

Adjust the stationary core of the switch for a
clearance between the stationary core and the mov-
ing core when the switch is picked up. This can be
done by turning the relay upside-down. Then screw
up the core screw until the moving core starts rotat-
ing. Now back off the core screw until the moving
core stops rotating. This indicates the points when
the play in the assembly is taken up, and where the
moving core just separates from the stationary core
screw. Back off the core screw approximately one
turn and lock in place. This prevents the moving
core from striking and sticking to the stationary core
because of residual magnetism. Adjust the contact
clearance for 3/64'" by means of the two small nuts
on either side of the Micarta disc.

Connect lead (A) to proper terminal per Fig. 6.
Block directional unit (D) and I contacts close and
energize trip circuit with rated voltage. Contacts of

4

Q
o
¥

L 4

auxiliary switch (CS-1) should make as indicated b )
a neon lamp in the contact circuit.

Indicating Contactor Switeh (ICS)

Adjust the contact gap for approximately 5/64"’
(—1/64", +0).

L 4
Close the main relay contacts a heck to see
that the relay picks up and the targ between

1 and 1.2 amperes d-c.

Bridge Rectifier and Blocking

N
S

These diodes are sili
If it is suspected that on
can be checked for rev
or less of rated diodefvo e (700 VDC). The leak-
age current should b ess than 0.5 MA. Voltage
should be increas ly.

ge by applying 80%

If any of
the CS1

are open circuited, then either
I unit will become inoperative.

Pty

L
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*  Plugs should be fully in prior to core

a nt.
\ or plugs, if contact closes at these check points.

t Slight re-adjustment may be necessar

4\@ CT as shown below.

/A 150 Amps. may be obtained by usi

TABLE I O
RELAY CURRENT * ADJUST ADJUSTMENT < CHkgrlg
L 4
15 — 2 Magnetic If spurious torque is in co t 80
1 — 4 50 amps Plugs closing dir. (left fron\
50
screw our r. mag. pl il“dir.
2 — 8
of spurious torqueéyis sed. and
20
4 _ 16 100 If spurious'torquéyis in contact Amps.
openi ew out left
p nt que is reversed.
crew in for slight opening 120,
10 — 40 75
150 & and
20 — 80 30
Amps.

120 0
220 VAC
60 H:z

L 4

&

75A

SEC

O

O 5

PRI >

150 A

5/10 CT

connect
Dir. Unit operating

circuit only.

NOTE: C.T. is connected with Dir. Unit

in primary winding for Step-up.

11




TYPE KRY RELAY

19 ' 2 % DIA. 4HOLES FOR
‘33 T"G@ e 225 , S'f_ % 190-32 MTG. SCRL WS
(i W ? sy _
- B
o «©
%
—+ Y 4
=]
-] e =
_{9' G
|
B 3 |
.3mL I | ,
- =
e - G 2 - 5 8

PANEL. LOCATION
SEMI-FLUSH MTG
PROJUCTION MTG.

; 186-32 SCREW

PANEL
SPACERS Fog

THIN PANELS
= -
Té—le SCREW
(FORTHICK

f PANEL USE
.—?5-\5 aTuD)

TERMINAL AND
MOUNTIN@ DEJAILS

NOTE . ALL DIMENSIONS
W OINCHES

190-32 ScREW

L
FOR THICK PANEL
USE 190-32 STLO
‘ 11. . B oo
E LI 3

OR CUTOUT

PANEL CUTOULT (& BRILLING
FOR SEMIEFUUSH MTG.

St
Ve 2 HOLES

3
) _GR'

1

TIR. 10 HOLES TERMINAL

- Y
.
WL NUMES R,
3
PANEL DRILLING OR CUTOUT FOR
PROJIECTION MMTG.

(FRONT VIEW)

57-D-7902

Fig. 8. Outline and Drilling Plan for the Type KRV Relay in the Type FT31 Case.

WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION NEWARK, N. J.

Printed in U.S.A.

A,



INSTALLATION

Westinghouse 1.L. 41-137/2B
OPERATION ¢ MAINTENANCE

INSTRUCTION)S

TYPE KRV DIRECTIONAL OVERCURRENT RELAY
FOR PHASE PROTECTION

CAUTION Before putting relays into service, remove
all blocking which may have been inserted for the
purpose of securing the parts during shipment, make
sure that all moving parts operate freely, inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

These relays are high speed phase directional
overcurrent relays which are used for the protection
of transmission lines and feeder circuits.

CONSTRUCTION AND OPERATION

The Type KRV relay consists of a dipectional
unit (D), an auxiliary switch (CS-1), an instantanéous
unit (I), an instantaneous overcurrent unit transfermer,
and an indicating contactor switch (ICS). The,prin-
ciple component parts of the relay and theirlecation
are shown in Figs. 1 and 2.

Directional Unit (D)

The directional unit is a preduct@nduction cylin-
der type unit operating on thefinteraction between the
polarizing circuit flux and_the“eperating circuit flux.

Mechanically, the direetional unit is composed of
four basic components: A die-cast aluminum frame,
an electromagnef, a ' moving element assembly, and a
molded bridged

The framefserves as the mounting structure for
the magnetic cored The magnetic core which houses
the lower pin bearing is secured to the frame by a
spring and snap ring. This is an adjustable core
which has a 025 inch flat on one side and is held in
its adjusted position by the clamping action of two
compressed springs. The bearing can be replaced, if
necessary, without having to remove the magnetic
eore from the frame.

SUPERSEDES I.L. 41-137.2A

*Denotes change from superseded issve.

The selectromagnet/ has two series-connected
polarizing coils mounted®diametrically opposite one
another, two seriés-connected operating coils mounted
diametrically pppositefone another; two magnetic ad-
justing plugsi upper and lower adjusting plug clips,
and two locating, pins. The locating pins are used to
accurately position the lower pin bearing, which is
mounted ‘on the frame, with respect to the upper pin
bearing,Wwhich is threaded into the bridge. The elec-
tremagnet 1s secured to the frame by four mounting
SCLew S.

The moving element assembly consists of a
spital spring, contact carrying member, and an alumi-
num cylinder assembled to a molded hub which holds
the shaft. The shaft has removable top and bottom
jewel bearings. The shaft rides between the bottom
pin bearing and the upper pin bearing with the cylin-
der rotating in an air gap formed by the electromagnet
and the magnetic core,

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a spring
type clamp. The spring adjuster is located on the
underside of the bridge and is attached to the moving
contact arm by a spiral spring. The spring adjuster
is also held in place by a spring type clamp.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring out to the spring adjuster clamp.

Instantaneous Overcurrent Unit (I)

The instantaneous overcurrent unit is similar in
construction to the directional unit. The time phase
relationship of the two air gap fluxes necessary for
the development of torque is achieved by means of a
capacitor connected in series with one pair of pole
windings.

EFFECTIVE JANUARY 1964
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Fig. 3. Internal Schematic of the Type KRV Relay in the
Type FT31 Case.

Instantaneous Overcurrent Unit Transformer

This transformer is of the saturating type for
limiting the energy to the instantaneous overcurrent
unit at higher values of fault current and to reduce
C.T. burden. The primary winding is tapped and these
taps are brought out to a tap block for ease imychang-
ing the pick-up of the instantaneous overcurrent unit.
The use of a tapped transformer provides approximate-
ly the same energy level at a given multiple ‘of pick-
up current for any tap setting, resulting”in one time
curve throughout the range of the relay.

Across the secondary is conneeted a non-linear
resistor known as a varistor. The effect of the varis-
tor is to reduce the voltage,peaks applied to the
overcurrent unit and phasegshiftingfcapacitor.

Auxiliary Switch (CS-1)

The auxiliary switch is a small solenoid type
d.c. switch. Adeylindrical'plunger, with a silver disc
mounted on dts lewer “énd, moves in the core of the
solenoid. As, the plunger travels upward, the disc
bridges the silverstationary contacts. A tapped re-
sistor is used to" enable one to use the contactor
switch on a 24, 48, 125 or 250 volt d.c. system con-
nected per Fig. 6. The operation of the CS-1 switch
is controlled by the directional contact (D) and the I
contaei.) It’s function is to insure coordination be-
tween, the directional contact (D) and the I contact
to prevent tripping on reversed faults (where the
directional contact was closed on load).

Indicating Contactor Switch (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to' which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the®moving con-
tacts bridge two stationary cemtacts, completing the
trip circuit. Also during this @peration two fingers on
the armature deflect a spring loeated on the front of
the switch, which allews, the, operation indicator
target to drop.

The front spring, inpaddition to holding the tar-
get, provides restraint_for the armature and thus con-
trols the pick-uip value of the switch.

CRARACTERISTICS

Theyrelays are available in the following current
ranges:

Instantaneous Overcurrent Unit (I)

Range Taps
0:.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16
10-40 10 15 20 24 30 40
% 20-80 20 30 40 48 60 80

The tap value is the minimum current required
to just close the relay contacts.

The time vs. current characteristics for the in-
stantaneous overcurrent unit is shown in Fig. 4.

The time vs. current characteristics for the di-
rectional unit is shown in Fig. 5.

Trip Circuit

The relay contacts will safely close 30 amperes
at 250 volts d.c. and the seal-in contacts of the in-
dicating contactor switch will safely carry this cur-
rent long enough to trip a circuit breaker.

Trip Circuit Constants

The indicating contactor switch has a pickup of
approximately 1 ampere. Its d-c resistance is 0.1
ohms.

Auxiliary Switch (CS-1)

The auxiliary switch has a d-c resistance of
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Fig. 4. Typical Time Curve of the InstanfaneousyOvercurrent Unit.

1165 ohms. Its operating time is approximately 1/2
cycle.

Cylinder Unit Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performdnce .and
should not be changed.

The set screw in each stationary contact has
been shop adjusted for optimum follow“and this ad-
justment should not be disturbed.

Directional Unit

The KRV relay is dntended for phase fault pro-
tection and the direetional “umit has its maximum
torque when the cupfent headsithe voltage by approx-
imately 30° The directionaldunit minimum pickup at
its maximum torque angle i shown in Table 1.

TABLE 1.

RELAY RANGE DIR. UNIT PICKUP

0.5 to 2 Amps. 1.2 Volts and 2 Amps.
1-4 1.2 Volts and 2 Amps.

2—8 1.2 Volts and 2 Amps.
4—16 1.2 Volts and 4 Amps.
10—40 1.2 Volts and 8 Amps.
20-80 1.2 Volts and 8 Amps.

The directional unit should be connected using
the current in one-phase wire and the potential across
the other two phase wires. This connection is com-
monly referred to as the 90° connection. When utiliz-
ing the 90° connection the maximum torque of the re-
lay occurs when the fault current lags its 100% P.F.
position by approximately 60° See Fig. 7.

oy,
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O

ENERGY REQUIREMENTS
BURDEN DATA OF OPERATING CURRENT CIRCUIT - 60 CYCLES 0
L 4
AMPERE RANGE TAP VA AT TAP VALUE+t P.F. ANGLE ¢} VAATSA P.F. ANGLE ¢
5 0.40 36.8° 261 42.3°
15 0.45 35.3 0 36.9
1.0 0.53 34.1 1 33.9
.52 1.25 0.62 33.1 33.1
1.5 0.73 32.3 31.6
2.0 0.96 32.1 31.1
1.0 0.53 31.1° 31.2°
1.5 0.72 29.1 28.2
2.0 0.96 28.7 27.8
1-4 2.5 1.25 28.1
3.0 1.63 28.9
4.0 2.55 30.0
2 1.55 37.6°
3 2.26 34.8
28 4 3.20 \3 2 4.98 33.1
5 4.39 32.8 4.40 32.7
6 5.78 32.4 4.05 32.1
8 9.3 31.8 3.62 32.4
4 42.8° 3.24 42.0°
6 y 38.5 2.03 38.0
i 8 9 35.7 1.59 35.7
g 9 4 34.8 1.46 35.5
12 33.3 1.24 34.3
16 ‘ 2 32.0 111 34.2
10 \ 5 29° .63 29°
15 4.2 25 .47 25
20 6.3 22 40 22
10-40 24 8.2 21 .35 21
30 11 19 .31 19
18 19 .28 19
10 32° .60 320
\ 17 28 .45 28
25 24 .38 24
20-8 8 32 23 34 23
60 45 22 30 22
80 70 21 .27 21

¢ Degiees current lags voltage

Voltages taken with Rectox type voltmeter
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RATINGS OF DIRECTIONAL AND OVERCURRENT UNITS

OVERCURRENT UNIT DIRECTIONAL UNIT
CONTINUOUS ONE SECOND CONTINUOUS ONE SECOND

RANGE RATING RATING RATING RATING
0.5-2 Amps 5 100 8 200

1-4 8 140 8 200

2-8 8 140 8 200

4-16 10 200 10 230
10-40 10 200 10 280
20-80 10 200 10 280

t Thermal capacities for short times other than one second may be calculated“en the basis of time being
inversely proportional to the square of the current.

DIRECTIONAL UNIT POLARIZING CIRCUIT,BURDEN

The burden at 120V, 60 cycles, is 12.5 volt-amperes$ @tyl5 degrees. (current leading voltage).

SETTINGS

Instantaneous Overcurrent Unit (I)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the cen-
nector screw in the desired tap, the relay willfjust
close its contacts at the tap value current.

CAUTION Since the tap block connecter screw car-
ries operating current, be sure that theWscréw is
turned tight.

In order to avoid opening the current transformer
circuits when changing taps underload, “€onnect the
spare tap screw in the desired tap\position before re-
moving the other tap screw from®the“original tap pos-
ition.

Directional Unit (D)

No setting is réquiréed.

Indicating Contactor Switeh Unit (ICS)

No setting is required.

Auxiliary Switch (CS-1)

No setting required on the CS-1 unit except for
the selg€tieniof the required 24, 48, 125 or 250 volt-
age on the tapped resistor. This connection can be
made‘byareferring to Fig. 6.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration and heat. Mount the
relay vertically by means of the two mounting studs
for projection mounting or by means of the four mount-
ing holes on the flange for the semi-flush mounting.
Either of the studs or the mounting screws may be
utilized for grounding the relay. The electrical con-
nections may be made directly to the terminals by
means of screws for steel panel mounting or to ter-
minal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the studs and then
turning the proper nut with a wrench.

% For detailed information on the PT Case, refer to

I.L. 41-076.

The external connections of the directional
overcurrent relays are shown in Fig. 7.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay, no customer adjustments, other
than those covered under ‘‘SETTINGS’’, should be
required.

ey,
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Fig. 5. Typical Time, Curves of the Directional Unit.
Acceptance Check 2. Sensitivity — The directional unit should

The following check is reééommended to insure
that the relay is in proper working order,

Instantan eous Overeurrentinit (1)

1. Contact Gap — The gap)between the station-
ary and moving contacts“with/the relay in the de-
energized position shguld be approximately .020"’.

2. Minimum Trip Cucrent — The D contacts should
be blocked closed when checking the pick-up of the
overcurrentdinit.

The pick-upyof'the overcurrent unit can be check-
ed by inserting the tap screw in the desired tap hole
and applying rated tap value current. The contact
should close within +5% of tap value current.

Directional Unit (D)

13 Contact Gap — The gap between the station-
ary contact and moving contact with the relay in the
de-energized position should be approximately .020°’.

pick up at its maximum torque angle (current leading
the voltage by 30°) when energized with the value of
current and voltage shown in Table 1.

3. Spurious Torque Adjustments — There should
be no spurious closing torques when the operating
circuits are energized per Table 2 with the polarizing
circuit short circuited.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should be
between 1 and 1.2 amperes. The indicator target
should drop freely.

The contact gap should be approximately 5/64’’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously. The third moving contact should make at
approximately the same time.
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RZD IDENTIFYING 2 3 4

m\. lg] L@e © Lean (B
o —) 5

POSITION | RATED D-C | RESISTOR
LEaD (A VOLTAGE RESISTANCE
1 24 0
2 48 300
3 125 2700
4 250 6500

NOTE  RELAYS ARE SHIPPED ON THE 25 VOLT TAP

Fig. 6. Selection of Proper Voltage Tap for Auxiliary
Switch (CS-1) Operation.

ROUTINE MAINTENANCE

All relays should be inspected periodically and
the operation should be checked at least once every
year or at such other time intervals as may be dic#
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned: A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive materialffor clean-
ing contacts is not recommended, Because of the
danger of embedding small particles in“the face of
the soft silver and thus impairing the4€ontacty

Calibration

Use the following procedure, for/ calibrating the
relay if the .relay has been#aken, apart for repairs or
the adjustments have been\diSturbed. This procedure
should not be useddunless 1t*is apparent that the
relay is not in proper vorking order. (See ‘‘Accept-
ance Check’’).

Instantaneous Overcurrent Unit (I)

1. The upper®pin bearing should be screwed
down until“there is approximately .025°’ clearance
between“itwand the top of shaft bearing. The upper
pin béaring)should then be securely locked in posi-
tion with the lock nut. The lower bearing position is
fixed*and cannot be adjusted.

2. The contact gap adjustment for the over:
current unit is made with the moving contact in"the
reset position, i.e., against the right side of the
bridge.

Move in the left-hand stationary contact until
it just touches the moving contact then back off the
stationary contact 2/3 of one turn for a, gap of ap-
proximately .020’’. The clamp Helding'the stationary
contact housing need not be loosened for the adjust-
ment since the clamp utilizes @ spring-type action in
holding the stationary contacttin{position.

3. The sensitivity adjustment is made by vary-
ing the tension of thegspiralSpring attached to the
moving element assembly:4The spring is adjusted by
placing a screwdriver<of similar tool into one of the
notches located/on;the periphery of the spring ad-
juster and gotatimgfit. The spring adjuster is located
on the underside, of®the bridge and is held in place
by a spring type clamp that does not have to be
loosened“prior®o making the necessary adjustments.
BeforeYapplying current block close the contacts of
the Diunit:

Inserpt the tap screw in the minimum setting and
adjust the spring such that the contacts will close
asundicated by a neon lamp in the contact circuit
when energized with the required current. Thepickup
of the overcurrent unit with the tap screw any other
tap should be within +5% of the tap value.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

The directional unit is the lower cylinder unit.

1. The upper bearing screw should be screwed
down until there is approximately .025’* clearance
between it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in posi-
tion with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.

Move in the left-hand stationary contact until
it just touches the moving contact. Then back off the
stationary contact 2/3 of one turn for a contact gap
of 0.20°’. The clamp holding the stationary contact
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Fig. 7. External Schematic of the KRV Relayifor Phase Protection and the KRD Relay for Ground Protection.

housing need not be loosened for the» adjustment present when the relay is energized on current alone.
since the clamp utilizes a springftype “@€tion in
holding the stationary contact impposition. The reversing of the spurious torques is accom-
plished by using the adjusting plugs and core in the
3. Insert tap screw of overeurrent“@nit in highest following manner:
tap. The sensitivity adjustment isymade by varying
the tension of the spiral spring“attached to the mov- Short circuit the voltage terminals and apply
ing element assembly. The (spring is adjusted by plac- current to the operating circuit terminals as per
ing a screwdriver or similar.t©ol into one of the Table 2.
notches located on th€e periphery of the spring adjust-
er and rotating ity Thelspring adjuster is located on Plug and core adjustment is then made per Table
the undersidedof the“bridge and is held in place by a 2 such that the spurious torques are reversed. The
spring typedelamp that does not have to be loosened plugs are held in position by upper and lower plug
prior to makingfthe necessary adjustments. clips. These clips need not be disturbed in any man-
ner when making the necessary adjustment. The core
The spring is to be adjusted such that the con- assembly is held in position by the clamping action
tact will close when the unit is energized at its of two compressed springs. This allows its position
maximum torque angle (current leading the voltage by to be changed by inserting a non-magnetic tool into
302, with the value of current and voltage shown in the slot on the bottom side of the unit.
Table 1.
The magnetic plug and core adjustment may be
4. The magnetic plugs and core are used to utilized to positively close the contacts on current
reverse any unwanted spurious torques that may be alone. This may be desired on some installations in
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order to insure that the relay will always trip the
breaker on zero potential.

Auxiliary Switch* (CS-1)

Adjust the stationary core of the switch for a
clearance between the stationary core and the mov-
ing core when the switch is picked up. This can be
done by turning the relay upside-down. Then screw
up the core screw until the moving core starts rotat-
ing. Now back off the core screw until the moving
core stops rotating. This indicates the points when
the play in the assembly is taken up, and where the
moving core just separates from the stationary core
screw. Back off the core screw approximately one
turn and lock in place. This prevents the moving
core from striking and sticking to the stationary core
because of residual magnetism. Adjust the contact
clearance for 3/64'" by means of the two small nuts
on either side of the Micarta disc.

Connect lead (A) to proper terminal per Fig. 6.
Block directional unit (D) and I contacts close and
energize trip circuit with rated voltage. Contacts of

4

Q
o
¥

L 4

auxiliary switch (CS-1) should make as indicated O Loy,
a neon lamp in the contact circuit. 0

Indicating Contactor Switth (ICS)

Adjust the contact gap for approximabely.S/Grl"
(—1/64", +0).

Close the main relay cont check to see
that the relay picks up and the ta ops between

1 and 1.2 amperes d-c.

N
S

can be checked for r
or less of rated Mdiode,voltage (700 VDC). The leak-

less than 0.5 MA. Voltage
radually.

If an iodes are open circuited, then either
or the I unit will become inoperative.

P
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TABLE 2 :O

DIRECTIONAL UNIT CALIBRATION +

Relay Rating Current Adjust Adjustment Check Points¢

.5-2 Amp 25 Amp Core tt Rotate core by means of adjuster 15& 5 Amps.
1-4 Amp located on bottom side of

2-8 Amp cylinder unit. Adjust core so %

that a slight contact opening \

torque is made.
4-16 Amp 50 Amp 30 & 10 Amps
10-40 Amp 75 Amp 45 & 15 Amps
20-80 Amp
.5-2 Amp 50 Amp If spurious torque i§ the 40, 25 & 10 Amps
1-4 Amp contact closin i

i out

2-8 Amp (left fron
right magn
direction of

Magnetic is rev .
Plugs If s%n rque is in the
contact ing direction, screw
ou t plug until spurious
4-16 Amp 100 Amp e 1s slight contact opening. 80, 50 & 20 Amps

10-40 Amp 150 Amp 120, 75 & 30 Amps
20-80 Amp
t Short circuit the voltage polarizing circN relay terminals before making the above adjustments.
t1 Plugs should be at fully in position o adjustment of core.
¢ There should be no closing torque a%oints. Any tendency for the contact to pickup at these points may
be reversed by slight readjustme ft ore or plugs.

4
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o
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INSTALLATION

Westinghouse  I.L. 41-137H
e OPERATION e MAINTENANCE

INSTRUCTIO NS

DIRECTIONAL OVERCURRENT GROUND RELAY
TYPES KRP KRC AND KRD

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

These relays are high speed ground directional
overcurrent relays which are used for the protection
of transmission lines and feeder circuits.

They are also used, without modification to pro-
vide directional ground fault protection in the KD
carrier relaying scheme. Operation of the relays In
connection with the carrier scheme is fully described
in I.L. 41-911.

The type KRP relay is used where residual volt-
age is available for polarizing the directional“unit.
The type KRC is used where this residual voltage
is not available and residual currefit must®be used.
The type KRD relay is a duald4polarized relay which
can be polarized from a potentiad seurce, from a local
ground source or from both sim@ltaneously.

CONSTRUCTION ANDwOPERATION

Directional Unit (D)

The directional unitd's @ product induction cylinder
type unit operating ‘on,the interaction between the
polarizing cifcuit flux,and the operating circuit flux.

Mechanically, the directional unit is composed of
four basic compefients: A die-cast aluminum frame,
an electromagnet, a moving element assembly, and
a molded bridge.

The frame serves as the mounting structure for
the, magnetic core. The magnetic core which houses
the,lower pin bearing is secured to the frame by a
locking nut. The bearing can be replaced, if neces-
sary, without having to remove the magnetic core
from the frame.

SUPERSEDES I.L. 41-137G

*Denotes change from superseded issue.

The electromagnet Mhas_ two series-connected
polarizing coils mounted diametrically opposite one
another; two series-connected operating coils mounted
diametrically opp@site/ one another; two magnetic
adjusting plugsiypupper and lower adjusting plug
clips, and two, locating pins. The locating pins are
used to a€curately position the lower pin bearing,
which is(threaded into the bridge. The electromagnet
is secured te the frame by four mounting screws.

The moving element assembly consists of a spiral
springwcontact carrying member, and an aluminum
cylinder assembled to a molded hub which holds the
shaftyr The shaft has removable top and bottom jewel
bearings. The shaft rides between the bottom pin
bearing and the upper pin bearing with the cylinder
rotating in an air gap formed by the electromagnet
and the magnetic core.

The bridge is secured to the electromagnet and
frame by two mounting screws. In addition to holding
the upper pin bearing, the bridge is used for mounting
the adjustable stationary contact housing. The sta-
tionary contact housing is held in position by a
spring type clamp. The spring adjuster is located on
the underside of the bridge and is attached to the
moving contact arm by a spiral spring. The spring
adjuster is also held in place by a spring type clamp.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, to the moving contact, through the spiral
spring out to the spring adjuster clamp.

Overcurrent Unit (I)

The overcurrent unit is similar in construction to
the directional unit. The time phase relationship of
the two air gap fluxes necessary for the development
of torque is achieved by means of a capacitor con-
nected in series with one pair of pole windings.

The normally-closed contact of the directional
unit is connected across one pair of pole windings
of the overcurrent unit as shown in the internal sche-
matics. This arrangement short-circuits the opera-
ting current around the pole windings; preventing the
overcurrent unit from developing torque. If the direc-

EFFECTIVE JUNE 1968
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Fig. 2. Internal Schematic of the Type KRC Relay in the
FT31 Case.

tional unit should pick up for a fault, this short-cir-
cuit is removed, allowing the overcurrent contact to
commence closing almost simultaneously with the
directional contact for high speed operation.

Overcurrent Unit Transformer

This transformer is of the saturatingtype for
limiting the energy to the overcurrent unit, at“higher
values of fault current and toreduce C.T. burden. The
primary winding is tapped and these tap's are,brought
out to a tap block for ease in changing /the pick-up
of the overcurrent unit. The use of a tapped trans-
former provides approximately 4he same energy level
at a given multiple of pickup current for any tap set-
ting, resulting in one time,curve,throughout the range
of the relay.

Across the secondary is €onnected a non-linear
resistor known as a varister.4 The effect of the var-
istor is to reduce the woltage peaks applied to the
overcurrent unit‘and phase/shifting capacitor.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The indieating/contactor switch is a small d-c
operated clapperatype device. A magnetic armature,
to which leaf-spring mounted contacts are attached,
is attracted to the magnetic core upon energization of
the ¢switch. When the switch closes, the moving
contacts bridge two stationary contacts, completing
thedtrip circuit. Also during this operation two fingers
on the armature deflect a spring located on the front
of the switch, which allows the operation indicator
target to drop. The target is reset from the outside of
the case by a push rod located at the bottom of the

Fig{3¥y Internal 'Schematic of the Type KRP Relay in the
FT31 Case.

cover:

The front spring, in addition to holding the target,
provides restraint for the armature and thus controls
the pickup value of the switch.

CHARACTERISTICS

The relays are available in the following current
ranges:

Range Taps_

0.5-2 Amps 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
2-8 2 3 4 5 6 8
4-16 4 6 8 9 12 16

10-40 10 15 20 24 30 40

The tap value is the minimum current required to
just close the overcurrent relay contacts. For pick-
up settings in between taps refer to the section under
adjustments.

Type KRP Relay

The KRP relay is designed for potential polari-
zation and has its maximum torque when the current
lags the voltage by approximately 60 degrees. The
shifting of the maximum torque angle is accomplished
by the use of an internally mounted phase shifter as
shown in the internal schematic.

The directional unit minimum pick-up is approxi-
mately 1 volt and 2 amperes at its maximum torque
angle for the 0.5 to 2, 1 to 4, and 2 to 8 ampere
range relays. For the 4 to 16 and 10 to 40 ampere
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Fig. 4. Internal Schematic of the Type KRD Relay in the
FT31 Case.

range, the minimum pick-up is 1 volt and 4 amperes.

Type KRC Relay

The KRC relay is designed for current polariza-
tion and has its maximum torque when the operating
current leads the polarizing current by approximately
40°.

The directional unit minimum pick-up is 07§
ampere in each winding at the maximum torque angle
for the 0.5 to 2,1 to-4,and 2 to 8 ampere range relays.
For the 4 to 16 and 10 to 40 ampere range, 4#4h€é mini¢
mum pick-up is 1 ampere.

Type KRD Relay

The type KRD relay utilizes “@fdireetional unit
similar to the KRC relay in congunétion with the
directional unit and phase-shifting circuit of the KRP
relay.

The current-polarized,diree¢tional unit of the KRD
relay operates on regidual“eurrents while the poten-
tial-polarized direétional unit of the KRD relay
operates on residualvoeltagefand residual current.

For the 0.5 to 2, 1 to 4, and 2 to 8 ampere range
relays, the minimum pick-up of the current polarized
unit is 0.5 ampere in each winding at the maximum
torque angle.) The minimum pick-up for the voltage
polarized unitais 1 volt and 2 amperes with the cur-
rent lagging, voltage by 60°.

Forgthe 4 to 16 and the 10 to 40 ampere range
relays,hthe minimum pick-up is 1 ampere for the cur-
rent-polarized directional unit, and 1 wvolt and 4

amperes for the voltage-polarized directional unit.

TIME CURVES

The time curves for the KRD relay are shown in
Fig. 5 and 6. Fig. 5 consists of three curves which are:

1) Directional Unit opening times for £urrent and volt-
age polarized.

2) Directional Unit closing time_for ‘@urrent and volt-
age polarized.

3) Directional Unit closing ¢time for 1 voit, voltage
polarized.

Fig. 6 shows the dnstantaneous overcurrent unit
closing time.

The voltage polarized curve B begins to deviate
from curve AVfor less than 5 volts.

BotH themdirectional unit and the overcurrent unit
must operateépbefore the trip circuit can be completed.
Hence,the, unit which takes the longer time to oper-
ate determines when the breaker will be tripped. The
overeurrent unit contacts cannot operate until the back
contactsyof directional unit open; therefore, the total
time\.for overcurrent unit to operate is its closing time
given in Fig. 6 plus the directional unit opening time
given in Fig. 5. The total closing time for the direc-
tional unit is given in Fig. 5. The two examples be-
low will serve to illustrate the use of the curves.

Example 1: Using the formulas and definition of sym-
bols on Fig. 5, we have—

Let: Ipol = 2 amps.
Iop = 2.31
Tap Value (T) = 0.5 amp.

¢=0°

For current polarized relay:
% MPP - Iop Ipol Cos ¢
.25
» MPP =(2.31) (2) = 18.5
.25
Referring to Fig. 5 at multiples of product pickup
of 18.5, the directional unit opening time is about 11
ms, and the closing time for this unit is 56 ms.

For overcurrent unit:

Multiples of pickup = Iop = 2.31 = 4.6

2.31
T 0.5
Entering the curve in Fig. 6 at multiples of pickup
equal to 4.6, the closing time for the overcurrent is 16

ms. However, the total operating time for the over-
current unit is 16 plus 10, which is the opening time

e
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of back contacts of the directional unit, or 26 ms total
operating time for overcurrent unit. The total time for

¥ directional unit is 56 ms; and, since this is the long-
est time, 51 ms is the total operating time of the re-
lay.

Example 2:
Let: Ipol = 20 amps.
Iop = 23.1 amps.
T (tap) — 1 amp.
¢i=0
Mpp ="Iop Ipol Cos ¢
» .25

MPP =(20) (23.1) = 1850
.25
Entering Fig. 5, the directional unit closing time
is 12 ms, and the opening time of its back contacts is
1 ms. The total operating time for the directional unit
is 12 ms.

For overcurrent unit:
Multiples of pickup = Iop = 23.1 = 23.1
1

T

* Referring to Fig. 6, the overcurrent unitgycontact

closing time is about 10 ms. Therefore, thé total oper-
ating time for this unit is 13 plus 1 or 14“ms{ In this
case the total operating time of relay is 14, ms:

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-infcontacts of the in-
dicating contactor switch will .safely carry this cur-
rent long enough to trip a circtiit breaker.

The indicating contaetor ‘switch has a pickup of

approximately 1 ampere.
ohms.

Its d-c resistance is 0.1

Cylinder Unit Contacts

The moving contact assembly has been factory

adjusted for low contact bounce performance and
should not be changed.

The set screw in each stationarymeontact has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.

SETTANGS

Overcurrent Unit (I)

The only settingfrequired is the pickup current
setting which is made by means of the connector
screw located on“the tap plate. By placing the con-
nector screw in the‘desired tap, the relay will just
close its contactstatithe tap value current.

For carrier relaying the carrier trip overcurrent
unit located, in the type KRP, KRC or KRD relay
should“be set on a higher tap than the carrier start
overcurrent unit located in the type KA relay at the
opposite‘end of the line.

CAUTION Since the tap block connector screw car-
ries operating current, be sure that the screw is
turned tight.

In order to avoid opening the current transformer
circuits when changing taps under load, connect the
spare tap screw in the desired tap position before
removing the other tap screw from the original tap
position.

Directional Unit (D)

No setting is required.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration and heat. Mount the
relay vertically by means of the two mounting studs
for projection mounting or by means of the four mount-
ing holes on the flange for the semi-flush mounting.
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ENERGY REQUIREMENTS
BURDEN DATA OF OPERATING CURRENT CIRCUIT - 60 CYCLES

TYPE KRP RELAY

AMPERE RANGE TAP VA AT TAP VALUE m P.F. ANGLE® VA AT 5 AMPS. P .F. ANGLE®

.5 0.40 36.8° 26.10 42.3°

.15 0.45 35.3 16.70 36.9

50 1.0 0.53 34.1 12.10 33.9
: 1.25 0.62 33.1 9.43 33.1
1.5 0.73 32.3 7.94 31.6

2.0 0.96 32.1 6206 31.1

1.0 0.53 31.1° 1250 31.2°

1.5 0.72 29.1 7.99 28.2

» 2.0 0.96 28.7 6.09 27.8
2.5 1.25 28.7 5.04 28.1

3.0 1.63 29.6 4.57 28.9

4.0 2.55 30.1 3.99 30.0
2 1.55 38.3° 9.54 37.6°

3 2.26 356 6.25 34.8

4 3.20 33'2 4.98 33.1

2-8 5 4.39 32.8 4.40 32.7
6 5.78 32.4 4.05 32.1

8 9.31 3178 3.62 32.4
4 2.05 42.8° 3.24 42.0°

6 2.94 38.5 2.03 38.0

8 4.09 35.7 1.59 35.7

4-16 9 4.7 34.8, 1.46 35.5
12 7.30 33.3 1.24 34.3

16 11.5 32.0 1.11 34.2

10 5.23 30.9° 1.33 30.8°

15 10.5 30.3 1.15 31.3

20 17.6 30.3 1.07 30.8

10-40 24 24.1 29.4 1.05 29.9
30 36.8 30.1 0.99 31.6

40 64.9 28.9 0.97 31.9

¢Degrees current lags poliage.
1 Voltages taken withfleectox type voltmeter.
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TYPE KRC RELAY

ENERGY REQUIREMENTS - 60 CYCLES QO

AMPERE RANGE TAP VA AT TAP VALUE 77 P.F. ANGLE® | VA AT 5AMPS. 77 P.F. ANGLE¢

.5 0.42 39.5° 27.50 & 436

15 0.49 37.9 17, 39.5

1.0 0.57 36.9 13% 37.8

52 1.25 0.68 36.0 M 35.9
1.5 0.81 36.0 ) 35.6

2.0 1.10 36.4 4 35.4
1.0 0.57 37.1° 3.30 38.1°

1.5 0.79 36.7 8.79 36.8

» 2.0 1.10 37.1 6.84 36.8
2.5 1.46 37.9 5.90 37.4

3.0 1.92 38. 5.34 38.1

4.0 3.06 4.7 39.1

2 1.68 10.50 38.8°

3 2.58 7.03 36.5

og 4 3.75 N ) 5.87 35.8
5 5.19 ) 5.17 35.7

6 7.07 5.8 4.88 36.1

8 11.30 35.7 4.51 36.8

4 42.2° 3.37 42.0°

6 38.0 2.22 37.8

8 35.5 1.80 36.0

4-16 9 35.8 1.67 35.7
12 34.8 1.46 35.0

16 33.7 1.33 35.0

10 34.0° 1.52 33.9°

15 32.6 1.34 34.1

20 31.8 1.27 34.5

10-40 24 31.3 1.24 34.5
30 30.4 1.19 35.4

28.5 1.16 35.6

¢Degrees curren sfwoltage.
7TVoltages N ectox type voltmeter.
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TYPE KRD RELAY

ENERGY REQUIREMENTS — 60 CYCLES

AMPERE RANGE TAP | VA AT TAP VALUE 77 P.F. ANGLE ¢ VA AT 5 AMPS. 77| P.F. ANGLE &
.5 0.42 39.5° 28.30 47.0°
.75 0.51 39.5 19.80 43.0
50 1.0 0.63 39.5 14.50 41.0
) 1.25 0.78 40.0 12.10 40.0
1.5 0.97 40.0 10.60 40.0
2.0 1.44 40.0 8.80 40.0
1.0 0.65 39.0° 15.20 40.0°
1.5 1.01 39.5 11,00 40.0
1-4 2.0 1.48 40.0 9.10 40.0
2.5 2.10 40.5 8%25 40.5
3.0 3.85 41.0 7.75 41.0
4.0 4.56 41.5 ™25 41.5
2 2.01 46.0° 12.75 45.5°
3 3.44 44.0 9.50 43.5
0-8 4 5.36 42.5 8.40 42.5
5 7.75 42,0 7.15 42.0
6 10.71 42.0 7.45 42.0
8 18.40 42.0 7.15
4 2.86 40,0 ° 4.45 40.0 °
6 4.83 34.0 3.34 34.0
8 7.58 32.0 2.90 31.0
44-16 9 9.09 31.0 2.78 31.0
12 14.70 30.0 2.58 30.0
16 25.00 30.0 2.40 30.0
10 10.5 30.0° 2.60 30.0°
15 22.0 29.5 2.40 29.5
0 20 37.8 29.0 2.35 29.5
10-40 24 55,9 29.0 2.30 29.5
30 84.0 28.5 2.25 29.5
40 149.0 28.0 2.24 29.5
¢ Degrees current lags voltage.
7 Voltages taken with Rectox type‘woltmeter.
OVERCURRENT/UNIT BURDEN DATA AT HIGH CURRENTS
TYPE KRD RELAY
AMPE RE RANGE 1-4
Tap Value Current 1 2 4
MultipleQQX 2 40 | 60 80 10 20 30 40 5 10 15 2
Tap Value Current
VAT 65 176 | 330 560 27 76.8 | 156 236 12.4 | 40 85.2 | 136
P.F. Angle ¢ 41° 35°| 27.2°| 23.6°] 35.6°| 28.8°| 23.8°( 21.5°|] 24.3°| 22.7°] 19.9°| 16.1°

P
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I.LL. 412137H

ENERGY REQUIREMENTS — 60 CYCLES

DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

RELAY TYPE RATING VOLT AMPERES A POWER FACTOR ANGLE¢
KRC 230 T 1.45 & Lag
Amperes
KRP 208 77 11.2 28° Lead
Volts
KRD Current 230 T 1.45 & Lag
Unit Amperes
KRD Voltage 208 77 11.2 28° Lead
Unit Volts

¢ Degrees current leads or lags voltage at 120 volts on voltagespolarized units and 5 amperes on current

polarized units.

A Burden of voltage polarized units taken at 120 volts. Biirden (of current polarized units taken at 5 amperes.

7 One second rating

77 30 second rating. The 10 second rating is 345 volts. The continuous rating is 120 volts.

Either of the studs or the mounting screws mayfbe
utilized for grounding the relay. The electrical (con-
nections may be made directly to the terminals by
means of screws for steel panel mountifg, ordto ter-
minal studs furnished with the relay for, thick panel
mounting. The terminal studs may be easily,removed
or inserted by locking two nuts on thefstuds and then
turning the proper nut with a wrench.

For detailed information, refer to I{L.." 41-076.

The external a-c connections“of the directional
overcurrent relays are shown(in Figs. 7, 8 and 9. If
no voltage polarizing sourece“is to be connected to
the KRD relay, short-circuit, the' voltage polarizing
circuit at the terminal§ of the relay.

ADJUSTMENTS, AND MAINTENANCE

The proper, adjustments to insure correct opera-
tion of thisg#elay‘have been made at the factory. Upon
receipt of thefrelay, no customer adjustments,other
than thosey,€overéd under “SETTINGS”, should be
required.

Acceptance Check

The following check is recommended to insure
that'the relay is in proper working order;

Overcurrent Unit (l)

1. Contact Gap — The gap between the stationary
and moving contacts with the relay in the de-ener-
gized position should be approximately .020”.

2. Minimum Trip Current — The normally-closed
contact of the directional unit should be blocked open
when checking the pick-up of the overcurrent unit.

The pick-up of the overcurrent unit can be checked
by inserting the tap screw in the desired tap hole and
applying rated tap value current. The contact should
close within +5% of tap value current.

Directional Unit (D)

1. Contact Gap — The gap between the station-
ary contact and moving contact with the relay in the
de-energized position should be approximately .020”.

2. Sensitivity — The respective directional units
should trip with value of energization and phase
angle relationships as indicated in Table 1.

3. Spurious Torque Adjustments — There should
be no spurious closing torques when the operating
circuits are energized per Table 2 with the polarizing
circuits short-circuited for the voltage polarized units
and open-circuited for the current polarized units.

Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be
between 1 and 1.2 amperes. The indicator target
should drop freely.

The contact gap should be approximately 5/64” be-
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$5

DIRECTIONAL UNITS

FOR POTENTIAL POLARIZED
upp = EpoLTop COS(8-60°)

FOR_CURRENT POLARIZED
IpoL IopCOS (9)
\ Mpp = TPOL zov
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POLARIZED RELAY
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¥ Fig. 5. Typical Operating Times for the Type IKRP

tween the bridging moving contact and the adji@stable
stationary contacts. The bridging mowxing! contact
should touch both stationary contacts simultaneously.

ROUTINE MAINTENANCE

All relays should be inspected periodically and
the operation should be checked at)least once every
year or at such other time intérvals as may be dic-
tated by experience to he suitdablel to the particular
application.

All contacts should 4be pgriodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding ‘€mall particles in the face of
the soft silver ‘and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if theyrelay has been taken apart for repairs or
the adjustments have been disturbed. This procedure

10

and KRD (When Potential Polarized) Relays.

should not be used unless it is apparent that the
relay is not in proper working order. (See “Accept-
ance Check”).

Overcurrent Unit (I)

1. The upper pin bearing should be screwed down
until there is approximately .025 clearance between
it and the top of shaft bearing. The upper pin bear-
ing should then be securely locked in position with
the lock nut. The lower bearing position is fixed and
cannot be adjusted.

2. The contact gap adjustment for the overcur-
rent unit is made with the moving contact in the
reset position, i.e., against the right side of the
bridge. Advance the stationary contact until the
contacts just close. Then back off the stationary
contact 2/3 of one turn for a gap of approximately
.020”. The clamp holding the stationary contact
housing need not be loosened for the adjustment
since the clamp utilizes a spring-type action in
holding the stationary contact in position.
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I.L.L41-137H

6
INSTANTANEOUS OVERCURRENT UNIT
TYPICAL CLOSING  TIME
FOR TWO ELEMENT DUAL]
POLARIZED RELAY
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* Fig. 6. Typical Operating Times'for the)Type KRC and KRD (When Current Polarized) Relays.

3. The sensitivity adjustment 48" made by vary-
ing the tension of the spiral sspring attached to the
moving element assembly. THhe) spring is adjusted
by placing a screwdriver or similarjtool into one of
the notches located on thé periphery of the spring
adjuster and totating itss They spring adjuster is
located on the underside of the bridge and is held in
place by a spring type clamp that does not have to
be loosened prior fo #4making the necessary adjust-
ments.

Before applying current, block open the normally-
closed contact of the directional unit. Insert the tap
screw in tHe minimum value tap setting and adjust
the'spring such that the contacts will close as in-
dicated hy a neon lamp in the contact circuit when
energized with the required current. The pick up of
the overcurrent unit with the tap screw in any other
tap should be within +5% of tap value.

If adjustment of pick-up current in between tap

settings is desired insert the tap screw in the next
lowest tap setting and adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and burden.

Directional Unit (D)

In the type KRP and KRC relays the directional
unit is the lower unit. In the type KRD the direc-
tional units are the lower and middle units.

1. The upper bearing screw should be screwed
down until there is approximately .025 clearance
between it and the top of the shaft bearing. The upper
pin bearing should then be securely locked in posi-
tion with the lock nut.

2. Contact gap adjustment for the directional
unit is made with the moving contact in the reset
position, i.e., against the right side of the bridge.
Advance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move in the left-hand stationary contact
until it just touches the moving contact. Then back

n
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STATION S j r“ A
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P
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DEVICE OUMBER CART

670 - DIRECTIONAL OVERCUSRENT BR0UND RELAY
TYPE KRC

7% - OVERCURRENT WIT OF TYPE KRG

.F - DIRECTIONAL W IT OF TYPE KRG

§2 - POVER CINCUIT BASAKER

1C3 - INDICATING CONTACTOR SWITCH

& - BREAKER AVXILIARY COMTACT
TC - SREAKER TRIP COIL

183A968

STATION WS

i
[ 2L 141 (7]
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3
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@ PHASE
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=
52 .
SATURATING TRANSFORNEN.
SEC.
DEVICE NUMBER CHART
67N - OIRECTIONAL OVERCURRENT GROUND RELAY
TYPE KRP
‘IL' 2)0VERCURRENT UNIT OF TYPE KRP
(YL RP
A - DIRECTIONAL UNIT oF TYPE
$2 - POWER CIRCUIT BREAKER
105 - I8DICATING CONTACTOR SWITCH
a - BREAKER AUKILIARY COMTACT
TC - BREAKER TRIP COIL

Fig. 7. External Schematic of the Type KRC Relay.

off the stationary contact 3/4 of one turn for a ¢on-
tact gap of .020” to .024”. The clamp holding the
stationary contact housing need not be looséned for
the adjusfment since the clamp utilizes @ spring-type
action in holding the stationary contact ingposition.

3. Insert tap screw of overcurrent anit,in highest
tap. The sensitivity adjustment is made by varying
the tension of the spiral spring attached to the mov-
ing element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. Fhe springadjuster is located
on the underside of the bridge“and is held in place
by a spring type clamp that” does not have to be
loosened prior to makinghtheé necessary adjustments.

The spring is to be adjusted such that the con-
tacts will close as indicated by a neon lamp in the
contact circuit, when energized with the required cur-
rent and voltageyas shown in Table 1. This table in-
dicates that the“spring can be adjusted when the phase
angle relationship between the operating circuit and
the pelarizing circuit is at the maximum torque angle
or whenmythe circuit relationship has the operating and
polarizing circuits in phase.

12

Fig. 8. External Schematic of the Type KRP Relay.

4. The magnetic plugs are used to reverse any
unwanted spurious torques that may be present when
the relay is energized on current alone.

The reversing of the smrious torques is accom-
plished by using the adjusting plugs in the following
manner:;

a) Voltage circuit terminals on the voltage
polarized relays (KRP and KRD voltage polarized
unit) are short-circuited.

b) The polarizing circuit of the current polarized
relays (KRC and KRD current polarized unit) are open-
circuited.

Upon completion of either “a” or “b”, current is
applied to the operating circuit terminals as per
Table 2.

Plug adjustment is then made per Table II such that
the spurious torques are reversed. The plugs are
held in position by upper and lower plug clips.
These clips need not be disturbed in any manner
when making the necessary adjustment.

The magnetic plug adjustment may be utilized to
positively close the contacts on current alone. This

SN

A
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may be desired on some installations in“erder to in-
sure that the relay will always trip' the ¢breaker on
zero potential.

! Han o 3 ' Indicating Contactor Switch (ICS)
2 ]
R [ £ c Adjust the contact gap for approximately 5/64”
" (-1/64", +0).
EE: ! ’T;’: ; ﬁﬂ; ;ﬁ;' I Close the main relay, contacts and check to see

3
',_aj 4 s that the relay picks uppandiythe target drops between
g J fj [ = Mews e 1 and 1.2 amperes d+c.

= / To increase the'pickup current remove the molded
82 m .
SATUIATIEG ThansFoReER cover and bend“the springs out or away from the cover.
SEC.
To decreasgthe pickup current bend the springs in
_DEVICE SUMBER CuART
(1 IIIHH“‘I'L"MIEDK&HH 0D BELAY toward the coveru

.- ovEacuRRENT wIT OF TYEE (1D
S0 - VO DINCTIEAL WIT o TYPE R0

!g-muum.u-uumcm RENEWAL PARTS

@ - POULD CIAGUIT MadASER
163 « HAOICATIOG CONTACTER Sui TCa

. mum Repair work can be done most satisfactorily at

the factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.

183A97Q

Fig. 9. External Schematic of the Type KRD_Relay.

RATING OF OVERCURRENT UNIT

RANGE CONTINUOUS RATING AMPERES ONE SECOND RATING AMPERES
.5-2 5 100
1-4 8 140
2-8 8 140
4-16 10 200
10-40 10 200

13
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TABLE |
DIRECTIONAL UNIT SENSITIVITY Q
RELAY TYPE AMPERE RATING VALUES FOR MIN. PICKUP T PHASE ANGLE RELATIONSHIP
VOLTS AMPERES ¢
2
1-4 1 2.0 I lagging V
KRP 5.8 1 4.0 I in-phase jwi
KRD (Voltage
Unit) 4-16 1 4.0
10-40 8.0
.5-2 0.5
KRC 1-4 .
KRD (Current 2-8 0.57 -phase
Unit) 4-16 1.0 ding I, by 40° 77
10-40 x 1.4 -phase
T The energization quantities are input quantities at the relay. in
77 Maximum torque angle. \
TABLE K
DIRECTIONAL ATION “t
RELAY RATING CURRENT AMPERES | BOT IN CONDITION ADJUSTMENT

All Ranges 80 Spuri que In Contact Right (Front-View) Plug Screwed
Closin irection (Left Front Out Until Spurious Torque is Re-
View) versed.

All Ranges 80 3 urious Torque In Contact Left (Front View) Plug Screwed

Short circuit the voltag
before making the ab

ng Direction (Right Front
w) (Contacts remain open)

Out Until Spurious Torque is in
Contact Closing Direction. Then
the plug is screwed in Until Spuri-
ous Torque is Reversed.

&

&n ircuit and open circuit the current polarizing circuit at the relay temminals
a ts
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Fig. 10. Outline and Drilling Plan for the KRP, KRC, and KRD Relays in the FT31 Case.
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INSTALLATION

Westinghouse  1.L. 41-137.3A

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE KRD-4 DIRECTIONAL OVERCURRENT
GROUND RELAY

CAUTION: Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The KRD-4relay is a high speeddirectional over-
current relay whichis used for the protection of trans-
missionlines and feeder transmissionlines and feeder
circuits. These relaysaredual polarizedrelays which
can be polarizedfrom a potential source, from a local
ground source, or from both simultaneously.

They are also used, without modificationsgte,pro+
vide directional ground fault protection indthe KD-4
carrier relaying scheme. Operation of the“relays in
connection with the carrier scheme is fullyadeseribed
in I.L. 41-911.

CONSTRUCTION

The type KRD-4 directiofial omercurrent ground
relay consists of a dual polarized, directional unit,
an instantaneous overcurrent“@nit, and an indicating
contactor switch. The prineipal parts of the relay and
their location are showndfwFigad’ to 3.

A. DIRECTIONAL UNIT%D)

The directional‘uftit of the KRD-4 consists of an
induction cylinderfunit, phase shifting network, and
a de-coupling network.

1. Induction Cylinder Unit

The cylinder unit is a product type in which tor-
que is produced by the phase relationship of an oper-
atingflux and a polarizing flux on an aluminum cylin-
der“supporting a moving contact arm. A contact open-
ingitorque or a contact closing torque is produced
depending upon the phase relationship between the
two fluxes.

SUPERSEDES I.L. 41-137.3

*Denotes change from superseded issue

The cylinder unit consists of three basic assem-
blies: an electromagnet/assembly, a moving element
assembly, and a stationary closing assembly.

The electromagnet ‘assembly consists of an elec-
tromagnet, an adjustable magnetic core, two magnetic
adjusting plugs, lower bearing pin, and a die-casted
aluminwm®frame:; The moving element assembly con-
sists of a/spiral spring, contact carrying member, and
an aluminum’'cylinder which is assembled to a molded
hub“whieh holdsthe shaft. The shafthas removable
topypand bottom jewel bearings. The stationary con-
taet assembly consists of a molded bridge, upper
bearing pin, stationary contact housing and spring
adjuster is located on the underside of the bridge
and is held in place by a spring type clamp. It is
attached to the moving contact arm by a spiral spring.

The electromagnet has four poles, two operating
poles and two polarizing poles. Each pair of poles
are diametrically opposite each other and are excited
by series connected coils. (Two sets of series con-
nected coils are used to excite the polarizing poles,
one set for current polarizing and the other set for
voltage polarizing). The electromagnet is permanently
mounted to the frame in such a manner that an air
gap exists between the pole faces of the electromagnet
and the magnetic core. The aluminum cylinder of the
moving element assembly rotates in this air gap on
the upper and lower pin bearing.

With the contacts closed, the electrical connec-
tion is made through the stationary contact housing
clamp, then the moving contact, through the spiral
spring out to the spring adjusted clamp.

2. Phase Shifting Network

The phase shifting network consists of a resistor,
capacitor and reactor in the polarizing circuit of the
directional unit, and a saturable shunt in the oper-
ating circuit.

3. De-Coupling Network

The de-coupling network consists of an air gap

EFFECTIVE JANUARY 1966
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GROUND RELAY

transformer, capacitor, reactor, and resistor. Elec-
trically this network is equivalent to the polarizing
circuit of the induction cylinder unit and is utilized
to minimize the coupling between the current and
potential polarized sources.

B. INSTANTANEOUS OVERCURRENT UNIT (I)

The instantaneous overcurrentunit consists of an
induction cylinder unit, capacitor, varistor, and a
transformer. The components are connected such that
a contact closing torque is produced when the current
exceeds a specified value.

1. Cylinder Unit

The cylinder unitis similar in construction to the
cylinder unit of the directional unit except that all
coils are similar. The phase relationship of the two
air gap fluxes necessary for the development of tor-
que is achieved by means of a capacitor connected
in series with one pair of pole windings.

2. Transformer

The transformer is a saturating type consisting
of a tapped primary winding and a secondary wind-
ing. A varistor is connected across the secondary
winding to reduce the voltage peaks applied to the
cylinder unit and phase shifting capacitor.

C. INDICATING CONTACTOR SWITCH (ICS)

The indicating contactor switch is a small d-c
operated clapper type device. A magneticgarmature
to which leaf-spring mounted contactsqare ‘attached,
is attracted to the magnetic core upong,energization
of the switch. When the switch closes, the“moving
contacts bridge two stationary confacts,“eompleting
the trip circuit. Alsoduring this operationdwo fingers
on the armature deflect a spring(locat®d on the front
of the switch, which allows the ‘operation indicator
target to drop. Thetarget is fesét £rom outside of the
case by a push rodlocated, at'the bottomof the cover.

The front spring, infaddition to holding the tar-
get, provides restraint' for the armature and thus con-
trols the pickup value ofythe switch.

OPERATION

The typetKRD-4 relay is connected to the pro-
tected transmission line as shown in Fig. 4. In such
a connectieny the relay operates to disconnect the
line for'ground faults of a definite magnitude that are
flowing“im)a specified direction.

The directional unit of the relay compares the
phase angle between the fault current and the polari=
zing quantities of the system and either produces &
contact closing torque for faults in the trip direction
or produces a contact openingtorque for faults in the
non-trip direction. Relay operation occurs when both
the directional unit and the instantaneous overcurrent
unit close their contacts. Hence, the fault current
must be greater thanthe tap setting ofsthe gvercurrent
unit.

For faults in the non-trip direction, a contact
opening torque is produced“by ‘the directional unit
such that the normally «€losed “contact of this unit
shorts out a pair of wimdings®n the overcurrent unit.
This prevents the evercurfent unit from developing
torque to close its, contacts. For faults in the trip
direction, the dire¢tional unit will pickup and re-
move this short circuif, allowing the overcurrent con-
tact to commenee closing almost simultaneously
with the directienal contact for high speed operation.

CHARACTERISTICS

Theyrelays are available in the following current
ranges:

Range Taps
0.5-2 Amps. 0.5 0.75 1.0 1.25 1.5 2
1-4 1.0 1.5 2.0 2.5 3.0 4.0
4-16 4.0 6.0 8.0 9.0 12 16
10-40 10 15 20 25 30 40

The tap value is the minimum current required to
just close the overcurrent relay contacts. For pickup
settings in between taps refer to the section under
SETTINGS.

The KRD-4 relay is designed for dual polarizing
and can be polarized from a potential source, a local
ground source or from both simultaneously. Whenthe re-
lay is potential polarized, the maximum torque of the
relay occurs when the operating current lags the
polarizing voltage by approximately 65 degrees. When
the relay is current polarized, the maximum torque of
the relay occurs when the operating current is in
phase with the polarizing current.

TIME CURVES

The time curves for the KRD-4 relay are shown
in Fig. 5 and 6. Fig. 5 includesthree curves which
are:

2
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I.L. 41-137.3A

1. Directional Unit opening times for current,
voltage, or dual polarized.

2. Directional unit closing times for current,
voltage or dual polarized.

3. Directional unit closing time for 5 volts
voltage polarized.

Fig. 6 shows the instantaneous overcurrent unit
closing time.

The voltage polarized curve (curve A in Fig. 5)
begins to deviate from curve A at about 10 volts
polarization.

Both the directional unit and the overcurrent unit
must operate before the trip circuit can be completed.
Hence, the unit which takes the longer time to oper-
ate determines when the breaker will be tripped. The
overcurrent unit contacts cannot operate until the
back contacts of the directional unit open; therefore,
the total time for the overcurrent unit to operate is
its closing time given in Fig. 6 plus the directional
unit’s openingtime given in Fig. 5. The total closing
time for the directional unit is given in Fig. 5. The
two examples below will serve to illustrate the use
of the curves.

(Example One) definition of symbols are shown
on Fig. 5.

let: Ipg) = 1.5 amp.
Iop =3 amp
tap value (T) = 0.5 amp.
g =0°
for a current polarized relay:

_Ioplgs) o3 P

MMP
025
(3) (19%)
P € " -18
0425

Entering the cufves inFig. 5 at multiples of product
pickup of 18fthe directional unit opening time is 4
ms, and thefclosing time for this unit is 33 ms.

For the overcurrent unit: I
. . op
multiples of pickup :_'IT_

=6

3
T 0.5
Entering the curve in Fig. 6 at multiples of pickup

equal to 6 the closing time for the overcurrent is 14
ms.However,the total operating time for the overcurrent

unitis 14 plus 4 ms, which is the opening time of back
contacts of the directional unit,or 18 ms totaloperating
time for the overcurrentunit. The total operating time
for the directional unit is 33 ms; and sinee’this is
the longest time, 33 ms is the total operating time of
the relay.

(Example Two)

let: Ipo) = 15 amp
Iop = 25 amp
T (tap) = 1 amp.

g=0
Ioplpo] cos @
MMP =—————
0.25
MMP = 1500

referring to, Fig. 5 the directional unit closing time
is 8mms hand the opening time of its back contacts is
3 ms. The total operating time for the directional
unit is' 8 ms.

Eor the overcurrent unit:
. . Iop
multiples of pick up :—T—

=25

referring to F'ig. 6 the overcurrent unit contact clos-
ing time is 10 ms. Therefore, the total operating time
for this unit is 10 + 3 ms or 13 ms. In this case the
total operating time of the relay is 13 ms.

Trip Circuit

The main contacts will safely close 30 amperes
at 250 volts d-c and the seal-in contacts of the indi-
cating contactor switch will safely carry this current
long enough to trip a circuit breaker.

The indicating contactor switch has a pickup of
approximately 1 ampere. Itsd-c resistance is 0.1ohms.

Cylinder Unit Contacts

The moving contact assembly has been factory
adjusted for low contact bounce performance and
should not be changed.

The set screw in each stationary contact has
been shop adjusted for optimum follow and this ad-
justment should not be disturbed.
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TABLE I

DIRECTIONAL UNIT SENSITIVITY

TABLE I

DIRECTIONAL UNIT CALIBRATION

Relay Current Both Plugs In
Rating Amperes Condition Adjistment
Polarizing Quantity | Values for Min. Pickup Phase Angle All Ranges 80 Spurious torque in con:-| Right (front view
Relationshi : : .
Volts Amperes P tact closmg.dlrecuon Plu.g Scre?ved out
— (left front view) until spurious tor-
VOLTAGE 1 0.6 I lagging V by 65° - que is reversed.
1 1.4 I In Phase with V All Ranges 80 Spurious torque in' Left (front view)
- contact opening/di- Plug screwed out
CURRENT 0.5 In-phase rectiofi(Right#front until spurious tor-
vigw) (Contact que is in contact
remain, Open) closing directions.
The energization quantities are input quantities at Then the plug is
. . screwed in until
the relay terminals. Maximum torque angle. . .
spurious torque is
reversed.
INTERNAL SCHEMATIC STATION BUS V_if
OVERCURRENT WIT !
umfm:a ( (uPPER UNIT) r’
CONT: 2
swivon
B ] [ .
VVMI!TG
i
) el ‘
DIRECT LONAL & = E’ o= ° T
CONTACTS z
(LowER vniT) DIRECTIORAL WHIT 7 =] _P 4+ =
| ~(Lower wiT) H] &l
1 4D : . | Puase
2 wp ——————— 2 é _I j RELAYS .
2 St E [ 4 TN DECOUPLER TRANSFORMER
REACTOR ——— ] LR N -3 SEC.
52 ) SAT, \
SHUNT
PRI
DE-COMPLER ) 2 3 SATURATING TRANSFORMER
] - Pos 2. TRPBUS VAl DEVICE NUMBER GHART
3 wo %"‘ @7N — DIRECTIONAL OVERCURRENT CROUND
| v RELAY TYPE KRD-4
| eacToR ——— | | cuASSIS oPEMATED IS I = OVERCURRENT UNIT OF TYPL KRD-4
SHoRTING BwiTCH e
‘ A 1 D — OIRECTIONAL UNITOF TYPE KROD-4
TN RELATIVE | —RED wakE Les L ’g: If 52 ~ POWER CIRCUIT BREAKER
INSTANTANEOUS | TEST miTCH LW

POLARITY AS SHOWN,
THE OIRECTIONAL WNIT
CONTACTS CLOSE

r=—-

L

FROWT VIEW

[™—~CuRRENT TERT JAGZ

f-—TEDIMAL

629A509

ICS — INDICAYING CONTACTOR SWITCH
& — BREAMER AUXILIARY CONTACT

TC — BREAKER TRIP COIL

629A946

Fig. 3. Internal Schematic of the Type KRD-4 Relay in
the, Type FT31 Case.

Fig. 4. External Schematic

for the Type KRD-4 Relay.

J
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SETTINGS

Overcurrent Unit (I)

The only setting required is the pickup current
setting which is made by means of the connector
screw located on the tap plate. By placing the con-
nector screw in the desired tap, the relay will just
close its contacts at the tap value current.

If adjustment of pick-up current in between tap
settings is desired insert the tap screw in the next
lowest tapsettingand adjust the spring as described.
It should be noted that this adjustment results in a
slightly different time characteristic curve and bur-
den.

For carrier relaying the carrier trip overcurrent
unit located in the type KRD-4 relay shouldu®be set
higher than the carrier start overcurrent unit located
in thetype KA-4 relayat the opposite end%effthe line.

CAUTION: Since the tap block connegtor screw car-
ries operating current, be sure that the screw is
turned tight.

In order to avoid gpening the current transformer
circuits when changing taps under load, connect the
spare tap screw inWthe“deésired tap position before
removing the other tap¥%screw from the original tap
position.

ENERGY REQUIREMENTS

BURDEN DATA OF OPERATING CURRENT,CIREUIT - 60 CYCLES

AMPERE TAP VA AT TAP RuF."ANGLE VA AT 5 AMPS* P.F. ANGLE

RANGE VALUE g g
.5 .23 54° 417 52°

.15 .92 54° 36 52.5°
1.0 .94 54° 31 53°

.5-2 1.25 1.56 54° 28 53.5°
1.5 2.17 54° 26.5 54°
2.0 3.88 54° 24 55°
1.0 153 52° 31.5 51°

1.5 2.85 52° 27.3 51.5°
* 2.0 5.2 52° 25.0 52°

1-4 2.5 7.75 52° 24.2 52.5°

3.0 11.4 52° 23.8 53

4.0 10.6 52° 23.3 53.5°
4 5.6 43° 610t 53°
6 10.8 46° 570t 54°
8 17.6 47° 560t 54°
4-16 9 22.5 480 55071 55°
12 39.5 50° 550f 56°
16 69 52° 5501 56°
10 28 49° 545t 50°
15 61 51° 540t 51°
10-40 20 108 53° 535t 52°
25 169 54° 530% 53°
30 252 56° 5251 53¢
40 432 57° 525t 53°

T VA at 50 Amperes.
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DIRECTIONAL UNIT POLARIZING CIRCUIT BURDEN

POWER FACTOR
CIRCUIT RATING VOLT AMPERESA ANGLE 0§
Current 2301t 1.20 3° Lag
amperes
Voltage 20811t 21.0 28° Lead
volts *

@ Degrees current leads or lags voltage at 120 volts on voltage polarized units
and 5 amperes on current polarized units.

A\ Burden of voltage polarized unit taken at 120 volts. Burden of cutrent polar-

ized units taken at 5 amperes.

t1 One second rating.

Tt 30 second rating. The 10 second rating is 345 volts.\The,continuous rating

is 120 volts.

Directional Unit (D)

No setting is required.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalentin a location free from dirt,
moisture, excessive vibration and heat. Mount the res
lay vertically by means of the two mounting studs
for projection mounting or by means of the four mount-
ing holes on the flange for the semi-flush mounting.
Either of the studs or the mounting screws may(be
utilized for grounding the relay. The eleetrical eon-
nections may be made directly to the(terminals by
means of screws for steel panel meunting or to ter-
minal studs furnished with the relay fer thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nutsjon the studs and
then turning the proper nut with @ wrench.

For detailed informatien, téferdo I.L. 41-076.

ADJUSTMENTS AND, MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.. Up-
on receipt of the relay, no customer adjustments,
other than those covered under ‘‘SETTINGS,’’ should
be required.

Acceptdnce Check

The ‘following check is recommended to insure
that the relay is in proper working order.

Overcurtent Unit (1)

., Contact Gap - The gap between the stationary
and moving contacts with the relay in the de-
energized position should be approximately
.020.”

2. Minimum Trip Current - The normally-closed
contact of the directional unit should be
blocked open when checking the pick-up of
the overcurrent unit.

The pick-up of the overcurrent unit can be
checked by inserting the tap screw in the
desired tap hole and applying rated tap value
current. The contact should close with +5% of
tap value current.

Directional Unit (D)

1. Contact Gap - The gap between the stationary
contact and moving contact with the relay in
the de-energized position should be approxi-
mately .020.”’

2. Sensitivity - The respective directional units
should trip with value of energization and
phase angle relationships as indicated in
Table 1.

3. Spurious Torque Adjustments - Three should
be no spurious closingtorques when the oper-
ating circuits are energized per Table 2.

4. Coupling - Apply 20 amperes to terminals 6
and 7. Measure voltage acrossterminals 4 and
5. Should be less than 20 volts.
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KRD-4 RELAY

w \ TYPICAL OPERATING TIMES
FORPOTENT ‘1‘- P:;:':'GZ_EGD&) DIRECTIONAL UNIT CLOSING AND
uep - RO OPENING TIMES
\ FOR CURRENT POLARIZED
Tpol Top COS ()
50 PP 0.28
"\ FOR DUAL POLARIZED
EpoLTop GOS(0-60°)  Ipo I9pc0sig)
\[N uPPs 0.6 + 0.23
”n ‘
a \
z . \
3 \ WHERE_WPP:MULTIPLES OF PRODUCT(PIGKUP
w \ Epor POLARIZING_ v OL TAGE
@ \ Tpo=POLARIZ}NG GURRENT
3 N\ Iop:OPERATING culm;n: .
= . LAGs EpoL
: N g CANGLE BY WHI OH/Z o LAGS TpoL *
z N
w
= \§
- Q T
2 N T
DIRECTIONAL UNIT CLOSING TIMES PN ===
(A) CURRENT, VOLTAGE,OR DUAL PoLARIZED{~|_}-|]
(8) 5 VOLT VOLTAGE POLARIZED ——r_"] ~
[
\h
10 ™
DIRECTIONAL UNIT OPENING TIMES
~ _{ {CURRENT, VOLTAGE,, OR DUAL POLARIZ ED
<
\
! ? 3 4 5 618300 20 30 40 50 €0/ 80 100 00 300 w0 00 %00 1000 2000 3000 5000
MULTIPLES OEsPRQDUCT PICKUP 763A03h
Fig. 5. Typical Time Curveshfor the Directional Unit.
60
KRD-4 RELAY
TYPICAL OPERATING TIMES
INSTANTANEOUS OVERCURRENT UNIT
CLOSING TIMES
50 1
8 a0
z
o
(8]
w
@
3
2 30 \
>
z
w
-3 \
=0
\\
S~ \L_
| ——
10
‘ 2 3 - 5 6 T 8 9 10 20 30 40 50
MULTIPLES OF PICKUP
T63A035

Fig. 6. Typical Time Curves for the Instantaneous Overcurrent Unit.
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Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient
d-c current through the trip circuit to close the con-
tacts of the ICS. This value of current should be be-
tween 1 and 1.2 amperes. Theindicator target should
drop freely.

The contact gap should be approximately 5/64°’
between the bridging moving contact and the adjus-
table stationary contacts. The bridging moving con-
tact should touch both stationary contacts simul-
taneously.

ROUTINE MAINTENANCE

All relays should be inspected periodically and
the operation should be checked at least once every
year or at such other time intervals as may be dic-
tated by experience to be suitable to the particular
application.

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing is not recommended because of the danger of em-
bedding small particles in the face of the soft silver
and thus impairing the contact.

Calibration

Use the following procedure for calibrating ghe
relay if the relay has been taken apart for repaits or
the adjustments have been disturbed. This preecedure
should not be used unless it is apparent(that the
relay is not in working order. (See ‘‘Acceptance
Check’’).

Overcurrent Unit (1)

1. The upperpin bearing should be screwed down
until there is approximately .02§,cléarance between
it and the top of shaft bearing./The upper pin bear-
ing should then be segurely loeked in position with
the lock nut. The lower bearing,position is fixed and
cannot be adjusted

2. The contact gap adjitstment forthe overcurrent
unit is made with the moving contact in the reset
position, e.g., against the right side of the bridge.
Advance thef{ystationary contact until the contacts
just closegThen back off the stationary contact 2/3
of one turnyfora gapof approximately .020’’. The
clamp ‘holding) the stationary contact housing need
not Beyloosened for the adjustment since the clamp
utilizes a spring-type action in holdingthe stationary

10

contact in position.

3. The sensitivity adjustment is made by gary-
ing the tension of the spiral spring attached to,the
moving element assembly. The spring is adjusted by
placing a screwdriver or similar tool into one of the
notches located on the periphery of the spring ad-
juster and rotating it. The spring adjuster is located
on the underside of the bridge and {isdield in place
by a spring type clamp that does, notghave to be
loosened prior to making the necessary, adjustments.

Before applying currentgblock,open the normally-
closed contact of the directional unit. Insert the tap
screw in the minimum value, tap setting and adjust
the spring such that the centacts will close as indi-
cated by a neon lamp,in the contact circuit when
energized with the tequired current. The pick up of
the overcurrent unit with the tap screw in any other
tap should be Withins#5% of tap value.

Directional ‘Unit (D)

1., The upper bearing screw should be screwed
downuntil there is approximately .025 clearance be-
tween ithand the top of the shaft bearing. The upper
pin/bearing should then be securely locked in position
with_the lock nut.

2. Contact Gap. Adjustment for the directional
unit is made with moving contact in the reset posi-
tion, i.e., against the right side of the bridge. Ad-
vance the right hand stationary contact until the
contacts just close. Then advance the stationary
contact an additional one-half turn.

Now move the in the left-hand stationary contact
until it just touches the moving contact. Then back
off the stationary contact 2/3 of one turn for a con-
tact gap of approximately .020’’. The clamp holding
the stationary contact housing need not be loosened
for the adjustment since the clamp utilizes a spring-
type action in holding the stationary contact in
position.

3. Sensitivity. Insert tap screw of overcurrent
unit in highest tap. The sensitivity adjustment is
made by varying the tension of the spiral spring at-
tached to the moving element assembly. The spring
is adjusted by placing a screwdriver or similar tool
into one of the notches located on the periphery of
the spring adjuster and rotating it. The spring ad-
juster is located on the underside of the bridge and
is held in place by a spring type clamp that does not
have to be loosened prior to making the necessary
adjustments.
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The spring is to be adjusted such that the con-
tacts will close with .5 amperes flowing into ter-
minal 6 and out terminal 8 with terminals 7 and 9
jumped together.

4. De-Coupling Adjustment. Connect high re-
sistance, low reading voltmeter across terminals 4
and 5. Pass 80 amperes into terminals 6 and 7 and
adjust top left hand resistor (front view) until a mini-
mum voltage is obtained. Use care not to overheat
relay during test.

5. Core Adjustment. Apply 10 amperes to ter-
terminals 8 and 9 with all other terminals open circuited.
Adjust core such that the contacts remain open. The
core can be adjusted by the use of a screwdriver in
the slots in the bottom of the cylinder unit.

6. Plug Adjustment. Apply current to terminals
8 and 9 with all other terminals open circuited. Plug
adjustment is then made per Table II such that the

need not be disturbed in any manner when making the
necessary adjustment.

spurious torques are reversed. The plugs in
position by upper and lower plug clip lips

Indicating Contact Switch (I1CS) ¢

4

N
S

Q
o
¥

L 4

Adjust the contact gap proximately 5/64"

(-1/64’’, +0). \

Close the mainr ontacts and check to see
that the relays pick e target drops between
1and 1.2 amper§

AL PARTS
Repai orkycan be done most satisfactorily at

the facgor wever, interchangeable parts can be

ful ed e customerswho are equippedfor doing

repa . Whenordering parts always give the com-
meplate data.

n
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oy = e — v e, ™ St ol AR 4 { { / /"r
current burden shown as per dwg.
ry Lo, A I =~ Y N
654050 Tor correct burden for
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32053, and 7634050 instead.
z Ca: L83 LA, except use spaciade Pedfic I
cVeiepsd I : reliay Using th2 given ex:mﬁle and the new
Tewle I relay scitinzis,, wa i that the nearest value to ohls is
39
7.80 ohms, and we read <frop Table L0 S =1
T L - 8 7
M +.12 ’
Connections and Swite uoa d Testing
Receiving Ahg;ggzicc - the same as per I.L. L1-L9L4GA excepl:
Set ¢, 1, T &na tor 6.1
Vot YK, B, °F e
w5, 5 S, for 1
) A, C .
te M, M, and M, for +U.15
A C
For Part B the pickup curreant should be 3.Q5,-%3.50 amperes for XD~k and
, 3.1% =% 3.L0 anperes for XKD-41.
For Parts E and.-F the current should be R. 79 - 2.92 amps.
Routirie Maintenance - asg per 1.L L1-1G% .04
- epair Calibration - a5 per I.L LALLM excepy:
Avtotraensformer Checlk « a3 parngdl.n. L1-LO1.LA except the voltege drops
e e i o’ - _ 2 ~ v B R P ’ - /
107 iy anda g vaps vo termingl 8fsnould read ~ 66.6 =~ 68.6 -~ 7L.6 ~ 72,6
volts. (+ 1 volt)
This voltage is compuved as fodicws: 100 2/3 (1 + the sum of value
between R-lead and the tap Defing mcasured)
Example: 100 x 2/3 (1 + 403 &7.09 + .06) = 78.6 volts.

Distance Unit Calibrali@nWg the taps on the front should be set es feilows:
T, T, W (twice), antal on 6.1 e

"L ‘?’or M, M, #83d . set in the top position .
A‘; e LS
2 gtr for 2,03 1°
so that M tween V*RY? and viLr?
I. gprbp . er T, L1-191, LA except spring restraint
should be o v contact closes abt following voltages:
Pal T P - = o
Voltageg V1F2F add V2?3F = 10 volts
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